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INTRODUCTION 
The European corn borer, Qstrinia nubilalis (Hùbner), 
is considered one of the most destructive insects of corn 
in the United States, In the years since its introduction 
into this country, this species has been the subject of much 
research (Brindley and Dicke 1963), During the past few 
years research on the European corn borer has included 
studies on the mating behavior (Pesho 1961 and Sparks 1963a), 
sex attractants (Sparks l963b). X-ray sterilization (Walker 
1963), and possible chemosterilants. All of these investiga­
tions would have benefited from knowledge of the reproductive 
systems of this insect. Because little was known about the 
internal reproductive organs of this species, a study of the 
internal reproductive systems was undertaken in the hope of 
aiding the continuing research on the European corn borer. 
This investigation includes the morphology and histology of 
the internal reproductive organs of the adult male and fe­
male plus observations on the morphology of the developing 
gonads of certain immature stages. 
2 
REVIEW OF LITERATURE 
The reproductive systems of insects have been of special 
interest to many researchers in the past. Developmental, 
morphological, and histological studies of these systems have 
been conducted on many species of insects. The literature 
reviewed for this investigation concerned the various phases 
of work done on lepidopteran internal reproductive systems. 
The gross morphology of the female reproductive system 
of Pectinophora gossvpiella (Saunders) was studied by Wellso 
and Adkisson (1962). Griffiths (1892) gave brief descrip­
tions of the reproductive organs of Noctua pronuba L, Morpho­
logical and histological descriptions of the female reproduc­
tive organs of Hemileuca maia (Drury) were reported by Mar­
shall (1904). Busck (1931) studied the female genitalia in 
an attempt to set up a more natural classification of micro-
lepidoptera; he also included various structures of the male 
system. Ehrlich and Davidson (1961), in their work on the 
internal anatomy of Danaus plexippus (L.), included general 
descriptions of the reproductive systems of both sexes. Ehr­
lich (1961) illustrated the male reproductive organs of 27 
papilionids and discussed the color and degree of fusion of 
the testes in each species, 
Joubert (1964b), in determining the reproductive capa­
city of Sitotroga cerealella (Olivier), studied the structure 
and function of the female reproductive organs. He found 
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that the alleged functions of some parts, notably the sperma-
theca and bulla, deviated from the functions generally ascribed 
to them. Eidmann (1929) examined the morphology of the repro­
ductive systems of 13 species of Lepidoptera and in 1931 report­
ed on the physiology of the female reproductive systems of 11 
species. Weidner (1934) also studied the morphology and phys­
iology of the female reproductive organs of several lepidop-
terous species. 
Williams (1938, 1940) studied the internal reproductive 
organs and mating behavior of Anagasta kuehniella (Zeller) 
(reported as Ephestia kuehniella) and five species of lasio-
campid moths. Williams (1941a, 1943a, b, 1944, 1947, 1948) 
studied the theory of ancestral relationship between mono-
trysian and ditrysian Lepidoptera and concluded that there 
was no direct relationship between the two groups. 
Hewer (1932) studied the external and internal genitalia 
of both sexes of 15 species of Zvgaena from Western Europe 
and made special reference to their use in taxonomy. Hewer 
(1934) discussed the mechanisms of copulation of Zvgaena spp. 
with reference to species variation of copulatory structures 
and the possibility of mating between species. He also de­
scribed the formation of the spermatophore in the male and 
the passage of spem in the female, Norris (1932) investi­
gated the morphology and function of the reproductive organs 
of Anagasta kuehniella (Zeller) (reported as Ephestia 
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kûhniella) and Flodia interpvinctella (Hûbner), She noted 
the degree of specialization of some parts of the system, 
differences between the two species, and the formation of 
the spermatophore and consequent passage of the sperm in the 
female. Factors influencing fertility of the former species 
were also studied by Norris (1933). 
The morphology and histology of the reproductive systems 
of both sexes of Anagasta kuehniella (reported as Ephestia 
kûhniella) were studied in detail by Musgrave (1937), The 
mechanics of spermatophore formation and the morphology of 
the reproductive systems in Heliothis zea (Boddie) were de­
scribed by Callahan (1958). Callahan and Ghapin (1960) com­
pared the morphology of the reproductive systems and func­
tional reproductive characteristics of Pseudaletia uniouncta 
(Haworth) and Peridroma saucia (Hûbner) with that of Heliothis 
zea (Boddie). Callahan and Cascio (1963) studied the histo­
logy of the reproductive organs of Heliothis zea concerned 
with the formation of the spermatophore, the storage and 
transmission of sperm, and the deposition and storage of 
sperm in the female tract. Spermatophore formation in the 
male and passage of the sperm in the female organs of Leucinodes 
orbonalis Guenee were also studied by Srivastava and Sriva-
stava (1957) Ômura (1936, 1938a, 1938b) examined the male 
_and female reproductive systems and traced the development 
and transmission of sperm in Bombyx mori (L.). The anatomy 
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and histology of the female reproductive system of Garpo-
capsa pomonella (L.) were studied in detail by Allman (1930). 
Stitz (1901, 1902) gave descriptions of the morphology and 
histology of the sex organs of nine male and eight female 
microlepidopteran species. 
Ruckes (1919) presented histological aspects of the male 
reproductive organs of certain species of Lepidoptera and 
noted the innervation of the genital organs, Libby (1961) 
discussed the innervation of the male reproductive organs of 
Hvalophora cecropia (L.)» and Forbes (1939) gave comparative 
notes on the muscles of the male genitalia of a few Lepidop­
tera. 
Many other investigators have been concerned with the 
occurrence and production of spermatophores in Lepidoptera, 
Petersen (1907) studied lepidopteran spermatophores and corre­
lated the length of the spermatophore collum with the position 
of the seminal duct in the female, Williams (1939, l94lc) 
also observed the relationship between the opening of the 
spermatophore and the position of the seminal duct in several 
species of Lepidoptera, Khalifa (1949) described the pro­
duction of spermatophores in Trichoptera, a group closely 
related to Lepidoptera, and in one species each of Neuroptera 
and Hymenoptera, In 1950, he reported on the formation of 
the spermatophore in Gal1eria meHone11a (L.), Davey (1960) 
and Hinton (1964) discussed the evolution and significance 
of the spermatophore in insects and made special references 
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to Lepidoptera. 
The morphology of the reproductive organs of mono-
trysian Lepidoptera has been studied in Xncurvaria russa-
tella Clemens (Richards 1933), a few species of Microptery-
gidae and Eriocraniidae (Philpott 1927), and in Tegeticula 
vuccasella (Riley) and Prodoxus quinquepunctella Chambers 
(Williams 1941b). Richards stated that russatella pos­
sesses only three egg tubes, whereas Williams (194lb) found 
that each ovary had 30 to 36 ovarioles in %. vuccasella. 
Machida (1926, 1941) studied the development of the 
ovairy and formation of yolk and the egg membrane in Bombvx 
mori (L.). Bonhag (1958) reviewed ovarian structure and 
vitellogenesis in insects, 
Ihe develoianent of the female reproductive ducts in 
Trichoptera (Dodson 1935) and in a lepidopteran, Zvaaena 
sp., (Dodson 1937) has been investigated. Studies of the 
postembryonic development of the female reproductive organs 
(Ammann 1954) and specifically during the pupal stage 
(BrunoId 1957) have been conducted on Solenobia triquetrella 
F, R. The female reproductive organs of Sitotroga cerealella 
(Olivier) were first observed in the third instar and were 
completely developed before the pupal stage (Joubert 1964a), 
The development of the male genitalia and the efferent ducts 
of Lepidoptera, specifically Pieris raoae (L.), was studied 
by Mehta (1933). He stated that with the exception of the 
vasa efferentia, elements of the efferent system are derived 
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from the ectoderm. 
Cholodkovsky (1884) established the basis for the classi­
fication of mature lepidopterous testes by describing four gen­
eral morphological types. Carson (1945) made a comparative 
study of the apical cells of insect testes and stated that 
they occur in four orders, including Lepidoptera. Snodgrass 
(1935) stated that they are especially well-developed in 
Lepidoptera. 
The development of the testes and their germ cells in 
relationship to diapause and non-diapause conditions has been 
studied in Barathra brassicae L. (Santa and Otuka 1955), 
Papilio xuthus L. (Nishiitsutsuji-Uwo 1959), and Ghilo 
suppressalis (Walker) (Mochida and Yoshimeki 1962). All show­
ed that diapause conditions arrest growth of the testes and 
spermatogenesis. Virkki (1963), in his study of gameto-
genesis in Diatraea saccharalis (F.), traced the development 
of the testes, \^ ich were first observed in four-day-old 
larvae. 
The European corn borer has also been the subject of 
research \^ ch in some way involved its reproductive system. 
Parker and Thompson (1927) described four phases of testi­
cular development in the larva and gave brief accounts of 
spermatogenesis in their study of larval diapause. Cloutier 
and Beck (1963) showed that under conditions inducing dia­
pause spermatogenesis is arrested. Chromosome studies of the 
European corn borer by Guthrie et al. (1965) included a 
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description of spermatogenesis and suggestions for male 
sterilization by irradiation treatments, Chaudhury and Raun 
(1966) showed the relationship between the stages of spermato­
genesis and age of the European corn borer starting from the 
third instar larva and continuing through the three-day-old 
adult. Drecktrah et al. (1966) briefly described the male 
and female reproductive organs in the 12-day-old larva. 
Pesho (1961) and Sparks (1963a, b) investigated various 
phases of the mating behavior of the adult European corn 
borer. Walker and Brindley (1963) studied the effect of 
X-ray irradiation on males and females of various stages and 
showed that a significant reduction in egg hatching could 
be produced. The external genitalia and a few internal struc­
tures of both sexes of the European corn borer adults were 
studied for taxonomic purposes by Heinrich (1919). Hammad 
(1961) described the scent glands of eight economic species 
of Egyptian Lepidoptera, including the European corn borer. 
He stated that the scent glands of the female European corn 
borer were found, and also referred to certain parts of the 
internal reproductive system. Chapman (1913) described 
various aspects of copulation of Pvrausta aurata Scopoli 
Snodgrass (1935) and Davey (1965) discussed various 
aspects of the reproductive systems of Lepidoptera. Klots 
(1956) reviewed the nomenclature for lepidopteran genitalia. 
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METHODS AND PROCEDURES 
The European corn borer specimens used in this investi­
gation were obtained from the continuous-rearing stock at 
the European Corn Borer Laboratory, Ankeny, Iowa, 
The adult moths used were reared in the laboratory on 
an artificial diet (Guthrie et al. 1965). Young larvae (0-
16 hours old) were transferred with a camel's-hair brush 
from screw-top jars to individual cotton-stoppered, 2-dram, 
shell vials containing the standard artificial diet. The 
vials were placed in a rearing chamber with a constant tempera­
ture (80 ± 2° F) and relative humidity (75 ± 5%). After 20 
days pupae were removed from the vials and put in individual 
plastic jelly-cups with a paper lid and returned to the rear­
ing chamber for adult emergence. The pupae were checked on 
successive days for emerged adults at which time the adults 
were collected. All males or all females were put into pint-
sized screen cages and placed in an environment chamber simu­
lating the natural outdoor light, temperature, and humidity 
conditions in June. These virgin moths were collected on 
successive days and preserved in 10% formalin. Other newly 
emerged moths were paired and placed in similar cages and 
held in the environment chamber. Adults from these individual 
pairings were collected on five successive days and pre­
served in 10% formalin. All the moths were given water once 
a day by means of a fine spray. 
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Die larvae used in this study were reared from the same 
egg sources by a similar technique except for the use of an 
incubator having an almost constant temperature (80° F) and 
relative humidity (70-80%) and constant darkness. Larvae 
were removed at 24-hour intervals. Some were preserved in 
10% formalin for morphological studies. Others, for histo­
logical work, were fixed in an open jar containing a hot 
aqueous Bouin's fixative (Davenport 1960) heated in a water 
bath (57° C), After 15 minutes the lid of the jar was 
tightened and the water bath turned off. Twenty-four hours 
later the fixed larvae were transferred to 70% ethanol. 
The adult structures for histological studies were 
removed from living specimens, Moths were dissected alive 
in a saline solution^ ; the desired structures were removed 
and fixed in Bouin's fixative for varying lengths of time 
depending upon the structure. Fixation was followed by 
washing in 70% ethanol for an indefinite time. The follow­
ing dehydration and embedding procedures were followed: 
1, 85% ethanol - 15 minutes 
2, 95% ethanol - 15 minutes 
3, 100% ethanol - 15 minutes 
4, 100% ethanol - 15 minutes 
5, Benzene - 10 minutes 
17,5 g NaCl, 0,35 g KCl, and 0,21 g CaCl2 per liter of 
distilled water. 
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6. Benzene - 10 minutes 
7, Benzene:Tissuemat, 1:1 - 30 minutes 
8. Tissuemat I - 1 hour 
9, Tissuemat II - 1 hour 
10, Tissuemat III - 1 hour 
11. Embed 
Tissuemat^ .^ obtained from the Fischer Scientific Company 
with melting points of 52® C and 55^  G, was used for infiltra­
tion and embedding. Tissuemat^  with a melting point of 55° G 
gave the better results. 
Sections were cut on a rotary microtome at a thickness of 
8 but some were cut at 6 ^  and 10 fi. They were then affix­
ed to slides which had been cleaned in 95% ethanol and treated 
with Mayer's albumen, A slide-drying table (45° G) was used 
to flatten the sections. The slides were dried at room tem­
perature for at least 24 hours before staining. 
In some cases the abdomens of living adults were pinned 
open in saline solution and the internal organs plus the 
genital segments were removed to Bouin's fixative. Whole 
abdomens were also fixed and embedded but generally gave 
poorer results with the techniques used than those with most 
of the exoskeleton removed. 
Prior to dehydration and embedding of the larvae fixed 
in Bouin's fixative, the fifth abdominal segment was removed 
from the largest larvae, or abdominal segments four, five, 
and six were removed from smaller larvae. This facilitated 
the infiltration of fluids and Tissuemat, Larval tissues 
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were dehydrated and embedded following the procedures pre­
viously described, except for slightly longer embedding 
periods. Sections, cut at a thickness of 8 li, were also 
treated similarly. 
All sections were regressively stained with standard 
alum hematoxylin and counterstained with eosin Y (Galigher 
and Kozloff 1964), A nitrocellulose-protection method was 
also used. All sections were mounted in HSR mounting medium, 
and the slides were dried in a slide-drying oven (50° c) for 
several days. 
Whole-mount preparations were also made of some struc­
tures from living and preserved specimens of larvae and 
adults. Hoyer's mounting medium proved useful when mounts 
were made of such structures as the spermathecal duct or 
ductus bursae, possessing small internal sclerites. These 
structures were mounted, unstained, directly from 70% ethanol. 
After clearing for a few days in the slide-drying oven, the 
cover glass was ringed with clear finger-nail polish, and 
the slide was examined using conventional light or phase 
contrast microscopy, Sclerites and other cuticular struc­
tures showed especially well with phase contrast. 
Several other organs were mounted in HSR; structures 
were fixed in 10% formalin or Bouin's fixative. Structures 
were then treated in the following manner: 
1. 70% ethanol - 5 minutes 
2. 85% ethanol - 5 minutes 
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3. 95% ethanol - 5 minutes 
4. Stain in Wright's blood stain (add 3-8 drops to 
step number 3) - 2-5 minutes 
5. Rinse in 95% ethanol 
6. 100% ethanol - 2 minutes 
7. 100% ethanol - 3 minutes 
8. Xylene - 2 minutes 
9. Xylene - 3 minutes 
10. Mount - HSR 
This technique is a fast and easy method for preparing 
permanent whole-mounts which can be examined in more detail 
with a compound microscope. There are disadvantages. Stain­
ing was erratic and, frequently, when the structures had been 
stained during dissection, the stain was too light or too 
dark. This technique was particularly useful in examining 
immature gonads. Such structures as spermatophores and 
signa were also prepared by this method but were not stained. 
The morphological aspects of the study, using living and 
preserved specimens, followed the techniques described by 
Drecktrah et al. (1966). A Leitz Orthoplan microscope 
equipped with lOX, 25X, 40X, and lOOX (oil immersion) ob­
jectives and for photomicrography was used in the prepara­
tion of the photomicrographs. The 25X and 40X objectives 
had piano fluorite lenses. 
All references made are to unmated specimens unless 
stated to the contrary. 
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RESULTS AlW DISCUSSION 
Morphology of the Female Reproductive System 
The reproductive system of the female European corn 
borer is of the ditrysian type (diplotreme) having two 
widely separated openings to the system (Figures 1, 2), 
One opening, the ostium bursae, occurs midventrally between 
the anterior margins of the ventral sclerotized plates of 
the eighth abdominal segment (Figure 3), The other opening, 
the oviporus, occurs on the ninth (fused ninth and tenth) 
abdominal segment ventrad to the anus and between the anal 
papillae, A pair of sclerotized apodemes extend anteriad 
and internally from each of the lateral margins of the 
eighth and fused ninth and tenth abdominal tergites (Figure 
3), They are termed the anterior apophyses and posterior 
apophyses, respectively, and function for support and muscle 
attachment. 
The ostium bursae together with the ductus bursae and 
corpus bursae constitute the bursa copulatrix in female 
Lepidoptera (Klots 1956), Hammad (1961), in studying the 
morphology and histology of the scent glands of some female 
Lepidoptera including Ostrinia nubilalis (reported as 
Pvrausta nubilalis). stated (p. 476) "that there are two 
bursae copulatrix (sic) in Pvrausta nubilalis...." This 
statement is wrong, however, because the European corn borer 
has only one bursa copulatrix. The ostium bursae functions 
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in the reception of the male intromittent organ. The ductus 
bursae extends anteriad from this opening and macroscopically 
appears to have a small, internal, sleeve-like sclerite a 
short distance from the ostium (Figure 4). This sclerite is 
about 0,2 mm long and is not fused dorsally. li/hat was orig­
inally considered the lumen of the duct surrounded by this 
sclerite was shown by histological studies to be the space 
resulting from a middorsal depression of the duct accompanied 
by a mesal reflection of the lateral margins of the duct in 
the region of the sclerotized sleeve. The actual lumen in 
this area is a very narrow U-shaped slit. 
Slightly anteriad to the sclerotized sleeve the ductus 
bursae forms a small ventrolateral pouch on the right side. 
On the left internal surface of this pouch is a small 
sclerite, the purpose or function of which is not known. 
It may possibly serve to prevent the puncturing of this 
region by the tip of the collum of the spermatophore in mated 
females. The seminal duct, about 1,0-1,5 mm long and 0,1 mm 
in diameter, arises from the right side of the pouch and ex­
tends anteriad for a short distance and then posterodorsad to 
join the anterior margin of the vagina. In some specimens 
it enlarges to almost twice the above diameter just before 
joining the vagina,  ^
The ductus bursae extends cephalodorsad to join the 
posterior margin of the corpus bursae, The duct is approxi­
mately 3,5-4,5 mm long and 0,2-0,3 mm wide in virgin females. 
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This muscular duct typically has one or two distinct coils 
nearer the corpus bursae. 
The corpus bursae (Figure 4) lies between the two ovaries 
in the dorsal regions of approximately the third and fourth 
abdominal segments. It is a fairly large, almost spherical 
structure possessing a conspicuous external muscular sheath. 
In virgin females it is flattened dorsoventrally, and its 
wall has a few deep folds. There is usually a transverse 
fold or groove in the ventral surface along which the ex­
ternal muscles seem to attach to the internal signum. The 
length; width, and thickness of the corpus bursae are vari­
able but usually approximate 1,5-2,0 mm x 1,0-1,5 mm x 1.0 mm, 
respectively. 
The signum (Figure 5) is visible through the wall of the 
corpus bursae, It is dark brown and roughly diamond-shaped 
with its major axis parallel to that of the abdomen. In vir­
gin females it is usually flexed inward along a line through 
its shortest points, producing the external transverse groove 
of the corpus bursae mentioned previously. A serrated, keel­
like ridge is present on the inner surface of each of the 
longest points of the structure. The signum has a rough 
inner surface covered with short, thick reclined spicules 
which are reduced to minute bumps in the center of the sig­
num. Chapman (1913) referred to the signum of Pvrausta 
aurata as the "spiculate plate," It somewhat resembles that 
of the European corn borer in general shape and has a ridge 
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on each of the longest points, but the other two points are 
poorly developed and round. 
There have been several suggestions as to the signifi­
cance and function of the signa in female Lepidoptera (Hinton 
1964). Stitz (1901) and Weidner (1934) presumed that the 
signa caused a break in the spermatophore to provide an exit 
for the sperm. Petersen (1907) and Sidmann (1931) stated 
that the signa hold the spermatophore in place in the corpus 
bursae. Morris (1932) and Callahan and Gascio (1963) 
accepted this idea, but Khalifa (1950), who also disagreed 
with Stitz and Weidner, suggested that signa are not necessary 
to hold the spermatophores in position in Galleria meHone11a. 
The absence of signa in the corpus bursae of female Lepidop­
tera has been reported by several researchers. 
The function of the signum in the female European corn 
borer is not known. Judging from the appearance of its 
serrated ridges and spiculated inner surface it would seem 
plausible that it could serve to hold the spermatophore in 
place while muscular contractions of the corpus bursae force 
sperm through the collum and out its opening. Living sperm 
have been seen in the terminal portion of the collum broken 
from a spermatophore from a freshly killed female. 
A short, thick duct arises from the right posterodorsal 
margin of the corpus bursae and extends posteriad to a small, 
thin-walled structure (Figure 4) which is yellow in living 
mated specimens. Heinrich (1919) illustrated this structure 
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connected to the corpus bursae when he described the extern#1 
genitalia of the European corn borer for taxonomic 7ur,»s#'s. 
He gave no name to it, however, and did not refer to it in 
the description of the genitalia. No similar structure iies 
been reported to occur in other lepidopteran species, ihis 
structure is a flattened, spherical organ with a disuaftcer >î 
about 0,5-0.8 mm. When pressure is applied to it in speci­
mens dissected alive in saline, a material can be observed 
to move through its duct towards the corpus bursae. it has 
a glandular appearance, and, for this reason, the structure 
will be referred to as the bursal gland. The function of 
the secretion presumably produced in the gland Is not kno'-m, 
but it may, in some way, affect the spermatophore, the 
in the spermatophore, or both. This does not preclude the 
fact that it may affect the female system in soine way. 
The walls of the corpus bursae and ductus bursae are 
easily removed to expose the spermatophore (Figure 7> in 
mated females. The corpus of the spermatophore is spherical, 
tapering at one end to the collum. The collum extends 
posteriad as a hardened, cylindrical tube within the ductus 
bursae assuming the characteristically coiled nature of the 
duct. The collum has a smaller diameter (about 0.1 mm/ 
than the ductus bursae. It terminates in the region of the 
small ventrolateral pouch of the ductus bursae into which 
opens the seminal duct. The tip of the collum of some 
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lepidopterous species possesses elaborate horns (Morris 
1932, Callahan 1958, and Callahan and Chapin 1960). Calla­
han (1958) described the corn earworm spermatophore colltim 
as having a terminal small protuberance with a hook termed 
the frenizm. The collum tip of the European corn borer is 
only slightly flattened and possesses a small opening. 
The dorsal and lateral surfaces of the spermatophore 
corpus are relatively smooth and plastic-like, but a major 
portion of the ventral surface of an old spermatophore is 
deeply concave. This is the surface which is in contact 
with, or just dorsad to, the signum of the corpus bursae. 
The signum may be located deep within this concave area in 
some specimens. The concave area is not, however, the exact 
shape of the signum but somewhat larger with a fairly regu­
lar outline. Although the other outer surfaces are relative­
ly hard and resilient, the ventral concave area lacks this 
outer coating and consists of a rather cheese-like material 
which can be easily removed in preserved specimens. No 
similar observations were made on newly deposited spermato­
phore s , 
The female European corn borer may mate more than once 
(Pesho 1961). IVhen multiple matings occur the additional 
spermatophores are crowded into the corpus bursae along with 
the first spermatophore. The last spermatophore may lie 
partially within the distal end of the ductus bursae if the 
corpus bursae is exceptionally crowded. Spermatophores 
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deposited after the first one are usually smaller than the 
original. The colla of the preceding spermatophores are 
usually pushed into the corpus bursae and may be bent around 
the spermatophores or broken off when the next spermatophore 
is deposited. One specimen was examined in which the ductus 
bursae contained the colla of two spermatophores. Figures 
8 and 9 show the positions of the spermatophores resulting 
from multiple matings, 
IVhen multiple matings occur only the first spermatophore 
has the typical concave ventral surface. The additional 
spermatophores are prevented from assuming their normal posi­
tion within the corpus bursae because of the presence of one 
or more other spermatophores. 
The other external opening of the female reproductive 
system, the oviporus, (Figures 1, 2) is located ventrad to 
the anus between the anal papillae of the ninth abdominal 
segment. The vagina extends anteriad from the oviporus. The 
rectum is immediately dorsad to the vagina, and the two struc­
tures may appear to fuse to form a single cloacal duct as in 
Thvridoptervx ephemeraeformis (Haworth) (Williams 1941a) and 
Mediterranean flour moth (Musgrave 1937). However, histo­
logical sections showed that these two structures are not 
fused and each has an independent external opening. 
A short distance from the oviporus, the vagina is dorsal-
ly joined by a short (0.2-0.6 mm long), muscular duct from 
the paired accessory gland reservoirs (Figures 2, 10). At 
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this point the rectum is no longer in direct contact with 
the dorsal surface of the vagina but has turned dorsad and 
enlarged considerably. The conspicuous accessory reservoirs 
are a yellow to a yellow-green. They are thin-walled, some­
what spherical structures lying dorsad and on either side of 
the vagina. The two reservoirs are fused at their tapering 
posterior margins to form the duct that connects them to the 
vagina, A gelatinous-like substance flows out of the reser­
voirs when they are ruptured, A small tube, the accessory 
gland, joins the dorsolateral margin of each reservoir. Each 
accessory gland extends posteriad for a short distance and 
then reverses its direction and extends anteriad above the 
ovaries as a very convoluted tube in the dorsolateral regions 
of the abdominal hemocoel (Figure 11). In the region near 
the corpus bursae each gland reverses its direction, extends 
posteriad, and terminates near the anterior margin of the 
reservoir to which it is joined. The accessory glands are 
very long and slender and in some specimens may be 20 mm long 
or longer but only 0.07-0.10 ram wide. The glands are diffi­
cult to trace due to their convoluted nature, small size, and 
close association with other internal structures. They are 
almost transparent in freshly killed specimens and do not 
show the color of their reservoirs. The spermathecal glaid 
is also transparent and approximately the same width and is 
often confused with the accessory glands. The Malpighian 
22 
tubules, which are also approximately the same diameter, are 
opaque white and easily distinguished from the above glands. 
This difference, however, is not as apparent in specimens 
preserved in 10% formalin. 
A pair of small, lateral vaginal swellings or pouches 
occur in the vagina just anteriad to the union of the reser­
voir duct and the vagina (Figure 12), They are distinct 
but their function is unknown. The vagina continues anteriad 
for a short distance and then bends slightly to the right, 
A small bulbous swelling, the vestibulum, is present to the 
left of this bend (Figure 12), The spermathecal duct joins 
the anterior margin of the vestibulum. This duct is about 
1,0 mm in length but is difficult to measure accurately be­
cause it is tightly coiled. It is usually less than 0,1 mm 
wide at its junction with the vestibulum but slightly larger 
near the spermatheca. The spermathecal duct possesses a very 
small internal sclerite a short distance from the spermatheca. 
This sclerite is spirally arranged and does not form a com­
plete circle within the duct, VJlien this duct is prepared in 
Hoyer's mounting medium and examined with a compound micro­
scope, the sclerite is very evident, especially when phase 
contrast microscopy is used. This sclerite is continued 
posteriorly as a very narrow sclerotized canal which spirals 
down the duct to the vestibulum. 
The spermatheca (Figure 12) is a small, muscular, bilobed 
23 
organ lying very near the anterior end of the right accessory 
gland reservoir. It consists of a long narrow lobe, 1.0-1,2 
mm long, and a thicker lobe about 0.50-0.75 mm long. These 
have been termed the utriculus and lagena, respectively, by 
Weidner (1934). Both lobes fuse proximally to form the 
spermathecal duct. The lagena is bluntly rounded at its 
anterior margin, and the utriculus tapers anteriorly to a 
very thin duct (0,04-0,07 mm wide) which is about 2,5-3,0 mm 
long. This duct is continuous distally with the spermathecal 
gland which is about twice the diameter (0,08-0,12 mm). 
The spermathecal gland is variable in length but general­
ly very long (43 mm in one specimen) and convoluted. The 
gland makes two complete loops through almost the entire 
abdominal hemocoel and terminates near the accessory gland 
reservoirs by forking, forming two short branches each 1-2 
mm long. 
The point at which the vagina bends slightly to the right 
is the junction of the vagina and the median oviduct. Accord­
ing to Klots (1956), morphologically the median oviduct ends 
at the cephalic end of the vagina which, when enlarged, is 
termed the vestibulum. However, the taxonomists have general­
ly used this term for the entire unpaired duct consisting of 
the median oviduct, the vestibulum, and the vagina. 
The paired ovaries of a freshly killed female are pale 
yellow and are held together in a compact mass by the tracheae 
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and fat body. They occupy most of the abdominal cavity and 
lie on either side of the corpus bursae which is often com­
pletely surrounded by them, especially in newly emerged, 
virgin females. The ovaries greatly exceed the length of 
the abdomen and may be 45 mm long. They extend into the 
second abdominal segment and then are reflected back upon 
themselves two or three times in a dorsal direction. They 
terminate in the dorsal region of the third or fourth ab­
dominal segment. 
Each ovary consists of four polytrophic ovarioles which 
are separated from each other for almost their entire length, 
Apically the ovarioles of one ovary adhere very closely to 
each other and may appear to be a single structure. Terminal 
filaments are absent as they appear to be in almost all 
species of Lepidoptera studied by other researchers. A com­
mon terminal filament was found, however, in Pectinophora 
gossvpiella (Wellso and Adkisson 1962). Each ovariole ends 
in a bluntly rounded chamber, the germarium, which is free 
in the hemocoel but held in place by the other internal organs. 
Proximad from the germarium is the region known as the 
vitellarium which possesses a series of developing oocytes in­
creasing gradually in size from the germarium to the base of 
the ovariole. Each developing egg is contained within an egg 
chamber, or follicle, which is indistinct distally but very 
evident for most of the ovariole length. Each follicle con-
25 
tains an oocyte and its nurse cells, the trophocytes, which, 
in this case, are endofollicular trophocytes because they are 
contained within the same follicle as the oocyte. 
An examination, using a compound microscope, of freshly 
dissected ovaries showed the developing oocyte with its ger­
minal vesicle and trophocytes all surrounded by the follic­
ular epithelium of the egg follicle. The trophocytes are 
always in the anterior (distal) region of each follicle. As 
the oocyte increases in size the trophocytes decrease until 
they are no longer evident. As many as 80 distinct egg 
follicles in one ovariole have been counted in a virgin female. 
Each ovariole of an ovary is connected to its lateral 
oviduct by a pedicel (petiole). The lateral oviducts extend 
posteriad for a distance of 0,5-1,0 mm and fuse to form the 
median oviduct. Both the median and lateral oviducts possess 
a thin external muscular sheath and are approximately the 
same width. In two- or three-day-old females these ducts are 
usually greatly expanded by eggs within their lumens. The 
median oviduct extends posteriad for approximately 1,0 mm be­
fore it joins the cephalic end of the vagina. There is no 
external demarcation between these two structures. 
Morphology of the Male Reproductive System 
The male reproductive organs occupy a majority of the 
hemocoel in the third and following abdominal segments. Fat-
body tissue, in the form of small, white globules, is abundant 
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along the numerous tracheal branches supplying the repro­
ductive organs. The small, tubular anterior intestine of 
the hind-gut extends along the inner ventral surface of the 
abdomen0 The anterior intestine terminates in a dorsally 
located; thin-walled rectum similar to that of the female. 
The bright yellow testes (Figure 13) are located in 
the dorsal region of the fifth abdominal segment and are 
closely united, appearing as a single organ. They correspond 
with the type D testes of Lepidoptera described by Gholodkov-
sky (1884), The other three types are: type A, testes com­
pletely separated, each with four digitate lobes; type B, 
testes separated, each with four rounded lobes; and type G, 
double testes in a single "scrotum," The testes are contained 
within a peritoneal sheath (Snodgrass 1935) or connective 
tissue capsule (Davey 1965). Gholodkovsky (1884) used the 
term "scrotum." The surface of the testis is invested in a 
network of tracheal branches which arise from the segmental 
tracheae. The fused testes approach a spherical shape being 
slightly wider than long. The testes of a newly emerged 
male may be approximately 1.0 mm wide and 0.8 mm long. These 
dimensions, however, decrease with increasing age of the 
adult male European corn borer (Chaudhury and Ravin 1966), 
A pair of fairly large ducts vAxich appear to be con­
tinuous with the peritoneal sheath of the testis extend 
posteriad from the testis. These ducts are the upper por­
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tion of the vasa deferentia. The vas deferens from the right 
side crosses dorsad to the left duct almost immediately as 
they pass from the testis. The upper portions of the vasa 
deferentia approach 2 mm in length and are approximately 0,2-
0,3 mm in diameter. They taper slightly before expanding to 
form the seminal vesicles, which usually have a slightly lar­
ger diameter than the upper portions of the vasa deferentia. 
Khalifa (1950) refers to these structures as the swollen 
parts of the vasa deferentia and his "vesiculae seminales" 
correspond to the paired ejaculatory ducts. Other authors 
(Callahan 1958, Musgrave 1937, and Norris 1932) refer to the 
enlargements of the vasa deferentia as the seminal vesicles. 
The upper portions of the vasa deferentia and the seminal 
vesicles are capable of peristaltic contractions, commonly 
seen in specimens dissected alive in saline solution. Ex­
tending posteriad from the seminal vesicles are the thinner, 
lower portions of the vasa deferentia. These ducts are 2.3-
3,3 mm long and less than 0,1 mm wide. After a short dis­
tance they reverse their direction, extend anteriad, and 
attach at right angles to the paired ejaculatory ducts. 
The paired ejaculatory ducts (Figure 13) are about 2 
mm long and 0,2-0,3 mm wide. Proximally these ducts are 
continuous with the distal end of the common ejaculatory 
duct. Each vas deferens connects to one of the paired ducts 
at a point approximately two-thirds the distance from their 
proximal end. The paired ducts are typically somewhat C-
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shaped, lying very close to the ventral surface of the 
testis. Both ducts are separated from each other for their 
entire length. 
The paired accessory glands are continuous with the 
distal ends of the paired ejaculatory ducts (junction indi­
cated by arrow in Figure 13) and are distinguished by their 
smaller diameter (0,1-0,2 ram). Their length is approximately 
4-5 mm. These ducts are separated from each other along 
their anterior halves, but their distal halves adhere closely 
to each other. Each accessory gland terminates in a sac­
like structure. These terminal sacs are thin-walled, almost 
transparent structures lying in the right lateral region of 
the 6th or 7th abdominal segment. They are 1.0-1,5 mm in 
length and about 0.25 mm wide. They are typically empty, 
whereas the paired ejaculatory ducts and accessory glands 
usually contain an opaque white material. 
The paired ejaculatory ducts fuse proximally to join the 
common ejaculatory duct which is extremely long (up to 55 mm) 
and forms many complex loops and turns within the abdominal 
hemocoel (Figure 14). Its diameter is 0.16-0.30 mm. The 
proximal end is connected to the aedeagus and its endophallus. 
Callahan (1958) refers to two divisions of the common ejac­
ulatory duct in corn earworm. They are the proximal cuticular 
segment which is much shorter than the distal primary segment. 
A similar condition exists in the European corn borer. 
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The primary segment of the common ejaculatory duct is 
almost transparent for most of its length; however, the proxi­
mal 5-10 mm is usually opaque white. IVhen dissecting living 
specimens, a thick, viscous substance flows from any break 
in the duct and tends to hold the cylindrical shape of the 
duct. This is also true if a break occurs in the paired 
ejaculatory ducts. 
The junction of the two segments (primary and cuticular) 
of the ectodermal common ejaculatory duct is a simple con­
striction (Figure 15, arrow) and does not consist of the elab­
orate structure found in the corn earworm (Callahan 1958), 
The cuticular part is about 6 mm long but difficult to meas-^  
ure because it is coiled and resistant to straightening. The 
duct was coiled and twisted in all specimens examined; however, 
there were variations in the compactness of the coils due to 
extension or pulling of the terminal abdominal segments. 
The cuticular segment is circular (about 0,2 mm wide) 
just posterior to its junction with the primary segment. It 
becomes slightly flattened in the distal coil (Figure 15, A) 
and is 0,3-0,4 mm wide. The duct becomes smaller, more 
flattened, and ribbon-like posteriad to the distal coil (Fig­
ure 15, B), This region is about 1,6 mm long and is twisted 
three or four times before making a smaller proximal coil 
(Figure 15, C) just before joining the aedeagus and endo-
phallus. The entire cuticular segment of the ejaculatory 
duct is heavily muscled and richly tracheated. 
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The duct of the cuticular segment continues within the 
aedeagus as a coiled endophallus (Figure 16). The endo­
phallus can be partially everted by applying pressure to 
the anterior end of the aedeagus in freshly killed specimens 
(Figure 15), A conspicuous sclerotized cornutus can be seen 
through the aedeagus. It is attached to the inner wall of 
the non-everted endophallus, and its apex is directed caudad. 
Eversion of the endophallus results in the cornutus rotating 
180° so that its apex points anteriad. After eversion the 
cornutus occurs on the ventral surface of the endophallus 
(Figure 17). The anterior half of the endophallus is supplied 
with many muscles which attach to the inner surface of the 
aedeagus, and this region is richly tracheated. Males killed 
"in copulo," with an everted endophallus, show the portion 
of the endophallus remaining within the aedeagus as an almost 
straight duct lacking the typical coils of an non-everted 
endophallus, 
The aedeagus is a cuticular, tubular structure approxi­
mately 1,0 mm long and 0.3-0,4 mm wide surrounding the endo­
phallus, Several groups of muscles are inserted on its 
outer surface. It is supported by a diaphragm, the anellus, 
which closes the posterior end of the abdomen. It possesses 
a small, posteriorly directed sclerite ventrad to the second­
ary gonopore at the tip of the aedeagus (Figure 15), Two light­
ly sclerotized arms extend from the sclerite along the lateral 
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aspects of the aedeagus and appear to fuse at the antero-
ventral margin of the aedeagus. 
Observations on Copulation and Multiple Mating 
Copulation 
Occasionally, during the continuous-rearing program and 
other research projects at the European Corn Borer Labora­
tory, copulating pairs of moths are not capable of separa­
tion, Raun^  stated that these moths will remain "in copulo" 
for several days, even if one of the pair dies, A few pairs 
of. these moths, preserved in 10% formalin, were studied. In 
addition, two pairs of moths were killed during normal copu­
lation. 
During copulation the aedeagus does not appear to enter 
the ductus bursae of the female but is situated immediately 
outside the ostium bursae. Chapman (1913) reported that the 
aedeagus of Pvrausta aurata is inserted full length in the 
female ductus bursae. The small sleeve-like sclerite of the 
ductus bursae located just inside the ostium is expanded by 
the endophallus at the time of insertion. The dorsal region 
of the sclerite, which is normally depressed, is forced up­
wards and is convex instead of concave. It appears that this 
structure may function as a spring-lock device to assist in 
R^aun, E, S, European Corn Borer Laboratory, Entomology 
Research Division, Agricultural Research Service of the U.S. 
Department of Agriculture, Ankeny, Iowa, Reproduction in 
the European corn borer. Private communication, 1966, 
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holding the endophallus in the female duct. 
In all pairs examined, the cornutus was situated in the 
pouch of the ductus bursae, Another possible function of the 
sclerite found in this pouch may be to protect the pouch from 
the tapered apex of the cornutus. 
In all but one pair of the mating moths collected the 
endophallus had been partially retracted because the endo­
phallus did not extend beyond the cornutus. In one, however, 
the endophallus was everted a considerable distance beyond 
the cornutus, and the length of the endophallus was approxi­
mately as long as the aedeagus. In this specimen the endo­
phallus was flexed downward just past the cornutus. The 
endophallus was cylindrical and fairly hard which might have 
been caused by the preservative. Chapman (1913) reported 
that the cornuti of Pvrausta aurata are left in the bursa 
copulatrix of the female after mating. This does not happen 
in the European corn borer. 
In two of the pairs the distal end of the spermatophore 
was still in the endophallus and the corpus of the spermato­
phore, in the early stages of formation, was in the corpus 
bursae. In one pair the male became detached from the female 
and revealed the tip of a spermatophore collum protruding 
through the ostium bursae of the female. It appeared that 
the male had almost completely retracted his endophallus. 
There was no evident reason for pairs of moths to re­
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main in a position of constant copulation. It was first 
thought that the cornutus may have become hooked into the 
wall of the pouch in which it is typically located during 
copulation. There was no sign of this, however, and if so, 
during the retraction of the endophallus the cornutus ro­
tates away from the posterior wall of the pouch which would 
probably pull it out of the wall of the pouch. 
The occurrence of pairs becoming permanently attached 
is rare and the exact numbers have not been recorded. Such 
a situation would certainly hinder, or probably prevent, any 
oviposition by the female. 
Multiple Mating 
Multiple mating of female Lepidoptera is known to occur 
in many species. Khalifa (1950) examined 15 females of 
Gal1eria meHone11a and found that 11 had mated more than 
once, one mating seven times, A female of Mediterranean 
flour moth may mate as many as five times (Williams 1938), 
Leucinodes orbonalis will mate twice (Srivastava and Srivastava 
1957), as will Sitotro&a cerealella (Joubert 1964b), Zvgaena 
sp, may mate as many as four times (Hewer 1934), Pesho (1961) 
reported that 8-43% of the female European corn borers from 
a feral population were mated more than once. Multiple 
matings were easily determined by the number of spermato-
phores in the bursa copulatrix of the female, but the muscles 
of the corpus bursae must be removed to definitely determine 
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multiple matings. 
The mated female European corn borers used in this in­
vestigation were checked for multiple matings. Out of 73 fe­
males examined, 58 had mated of which 27 (46,5%) had mated 
more than once. Multiple matings of two and three times were 
fairly common and one female had mated four times. 
No multiple matings occurred when a pair of moths remain­
ed together for only one day. Multiple matings occurred only 
if a pair of moths had been together for at least two days. 
Females were mated no more than twice \^ en with a male for 
two days. Triple matings occurred only after three days of 
pairing. The female that was mated four times had been paired 
for four days. Since the pairs of moths were in individual 
cages, it is known that males do mate more than once. It was 
not, however, determined whether viable sperm were trans­
ferred after the first mating, 
IVhen multiple matings occur, the first spermatophore 
is pushed to the side or anteriad, a condition also reported 
to occur in Mediterranean flour moth (Williams 1938), The 
second and following spermatophores are usually about the 
same size but always smaller than the first one. It is not 
known if this is caused by the crowding of the corpus bursae 
which prevents normal enlargement of the spermatophore or if 
the male is not capable of producing more than one normal-
sized spermatophore. Males of Galleria meHone11a are capable 
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of producing a second spermatophore of normal size 12 hours 
after the first but those that copulate within two to three 
hours from the first copulation produce very small spermato-
phores (Khalifa 1950), Similar observations were reported 
for Leucinodes orbanalis (Srivastava and Srivastava 1957). 
Histology of the Female Reproductive System 
Corpus Bursae 
The corpus bursae is surrounded by a thick layer (40-
100 (i) of circular striated muscles (Figure 18), Almost 
all of these muscles attach on the ventral surface in the 
region of the signum. The inner surface of the corpus bur­
sae is lined with a cuticular layer of a fairly uniform 
thickness (15-20 la). This intima forms many folds and in 
cross-sections gives a scalloped appearance. Very short 
(about 1 ji) pointed spicules occur on the folds, A layer 
of epithelial cells surrounds the intima. They are cuboi-
dal to low columnar and possess round nuclei and some 
secretory vacuoles (Figure 19), A basement membrane was 
not observed. The signum, which is continuous with the 
intima, is produced by localized sclerotization of the exo-
cuticle of the cuticular lining. The lumen of the corpus 
bursae is usually filled with a homogeneous, eosinophilic 
material presumed to be produced in the bursal gland. 
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Bursal gland and duct 
The duct of the bursal gland arises from the postero-
dorsal margin of the corpus bursae. It is surrounded by one 
or two layers, about 7 n thick, of circular striated muscles. 
The duct is lined internally by a cuticular intima about 5-
6 |i thick. The intima is surrounded by an epithelial layer 
which, in part, forms four longitudinal folds. These cells 
are columnar in the folded regions and possess elongate 
nuclei which are not restricted to basal portions of the 
cells. Other cells which are not included in the folds are 
cuboidal and have round nuclei. The cuticular lining extends 
outward between the folds of the epithelium. The lumen of 
the duct is filled with a homogeneous material similar to 
that found in the corpus bursae and bursal gland. 
The bursal gland is surrounded by a layer of circular 
striated muscle continuous with the muscles of the duct. The 
columnar epithelium is continuous with that of the duct. Its 
large, granular nuclei are usually basal, and the cytoplasm 
is granular. Vacuoles are common in the cells. No distinct 
cuticular lining was observed in the gland, and the lumen is 
filled with apparently the same material found in the other 
parts of the bursa copulatrix. The exact source is not known 
but it is presumably produced by the bursal gland. The chemi­
cal composition and function of this material is unknown. 
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Ductus bursae and seminal duct 
The ductus bursae is a cylindrical duct extending from 
the ostium bursae to the corpus bursae, Distally, near the 
corpus bursae, the duct is oval (184 |i x 276 n) in cross-
section, and its lumen is lined with a cuticular intima 5-
25 fi thiol-:. The variation is caused by the deep longitudinal 
folds of the lining. Very small spicules, less than 1 n 
long, occur on the ridges, A layer of cuboidal to low colum­
nar epithelium surrounds the cuticular lining. The nuclei 
of the cells are round or slightly elongate. The epithelium 
is surrounded by a layer of circular muscles 12-46 n thick 
in which no striations were detected by the methods used, 
A few longitudinal fibers are present external to the cir­
cular muscles. An eosinophilic secretion is usually present 
within the lumen of the duct. 
The ductus bursae undergoes slight changes posteriorly. 
Just anteriad to the attachment of the seminal duct to the 
ductus bursae, the circular muscle sheath is much reduced, 
consisting of one or two layers of fibers in which striations 
are faintly visible. Longitudinal muscles appear to be 
lacking. The cuticular lining, 10-40 p thick, is still in 
the form of longitudinal folds, Cuticular spicules are lack­
ing, Portions of the cuticular intima extend outward between 
some of the epithelial cells. The cells of the columnar 
epithelium have mostly round nuclei and some possess vacuoles. 
The duct is somewhat oval (about 115 pi x 172 n) in cross-
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section, and its lumen is about 95 |ji x 115 p. 
The seminal duct joins the small pouch located on the 
ventrolateral side of the ductus bursae. The exocuticle of 
the cuticular intima of the left side of the pouch is well 
sclerotized. The intima, 14-23 |i thick, of the pouch is 
smooth except for the small cuticular spicules. The lining 
is surrounded by a single layer of cuboidal epithelial cells 
with round basal nuclei. The outer edges of the cells of 
the left side of the pouch are convex and appear to be sur­
rounded externally by a basement membrane. Only a few 
muscle fibers occur on this side. External muscles are better 
developed on the side to which the seminal duct attaches. 
Here, the epithelial cells are slightly taller, without a 
distinct basement membrane, and are surrounded by single 
layers of circular and longitudinal muscles. 
The cuticular intima of the pouch is continuous with 
that of the seminal duct which has a small lumen, about 15 p 
in diameter. Numerous, short (5-7 ji long) spicules, which 
are all directed towards the pouch, occur on the intima. 
These spicules are not present about one-quarter of the way 
up the seminal duct, A layer of low cuboidal epithelium, 
continuous with that of the pouch, surrounds the cuticular 
intima. The epithelium is surrounded by a circular layer 
of striated muscle, about 23 p thick. 
The cuticular intima becomes thinner and indistinct 
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about one-quarter of the distance up the duct. Nearer the 
vagina the epithelium of the seminal duct forms longitudinal 
folds. The nuclei of the epithelial cells are not limited 
to the basal regions of the cells. The epithelium is sur­
rounded by one or two layers of circular striated muscle. 
The lumen of the seminal duct is larger near the vagina than 
it is near the ductus bursae. 
The portion of the ductus bursae just anteriad to the 
ostium bursae has undergone some modifications (Figures 20, 
21), The dorsal surface of the ductus bursae is depressed 
and the lateral margins are reflected mesad. Also, the exo-
cuticle of the dorsal region of the cuticular intima of the 
duct is sclerotized. This sclerotized region is greatly 
depressed so that its inner surface almost touches the ven­
tral intima of the duct. The lumen is reduced to a mere U-
shaped slit. The mesally reflected lateral margins of the 
duct are turned inward, A layer of epithelium completely 
surrounds the cuticular intima of the duct. The epithelium 
is surrounded by a basement membrane. No muscle layer is 
present, Stitz (1902) reported a similar structure in the 
ductus bursae of Tineola bisselliella (Hummel). 
IVhen the endophallus of the male is inserted through the 
ostium bursae it forces the depressed dorsal region of the 
duct upwards, making it convex on its dorsal surface. This 
modification of the ductus bursae probably serves as a spring-
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lock device to assist in holding the endophallus in position 
during copulation. 
Vagina, vestibulum. and median and lateral oviducts 
The vagina is a large, somewhat flattened duct extending 
anteriad from the oviporus (Figure 22), It is approximately 
270 la wide and 150 p, high and is surrounded by a thin layer 
of circular striated muscles. The epithelium is in the form 
of numerous longitudinal folds. The epithelial cells possess 
small nuclei most commonly in their basal regions. No cutic-
ular intima was observed although the vagina is of ectodermal 
origin. The external dorsal surface of the vagina is in con­
tact with the ventral surface of the rectum. The rectum is 
flat and possesses a thin, circular layer of striated muscles. 
Further anteriad the muscle layer of the vagina is the same 
but the epithelial folds are slightly reduced. Nuclei of the 
epithelium are concentrated in the basal regions of the cells. 
The duct from the accessory gland reservoirs opens into the 
dorsal region of the vagina. 
Slightly anteriad to the opening of the reservoir duct, 
lateral vaginal swellings, or pouches, occur. Some longi­
tudinal muscle fibers are present outside the circular 
muscles. The epithelium of the pouches is similar to and 
continuous with that of the vagina, but the cells are some­
what more vacuolated. These pouches extend anteriad over 
the dorsolateral margins of the vagina, and their blind 
anterior ends do not open into the vagina. 
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Anteriad to the lateral pouches the vagina is more 
circular in cross-section, with a diameter of approximately 
120 The vagina bends slightly to the right and continues 
anteriad as the median oviduct. The vestibulum is a bulbous 
swelling of the anterior end of the vagina and is located 
just to the left of the bend of the vagina. The seminal duct 
opens into the vagina in this region, very near the vesti­
bulum. 
The vestibulum measures 150-160 p in diameter and is sur­
rounded by circular muscles (Figure 23), Its lumen is lined 
with low columnar epithelium. The nuclei of the epithelial 
cells are round and restricted to the basal regions. Wo 
basement membrane or cuticular intima was observed. The vesti­
bulum is short and its diameter reduces sharply as the an­
terior margin is approached. The spermathecal duct opens into 
the center of, and is continuous with, the vestibulum. 
The median oviduct extends anteriad from the anterior end 
of the vagina as a cylindrical duct somewhat wider than high. 
Its dimensions are dependent upon the presence of eggs within 
its lumen, A single layer, or at the most two layers, of 
circular striated muscles surround the oviduct. Longitudinal 
muscles appear to be lacking. Internally the lumen is lined 
by a single layer of low cuboidal epithelial cells whose 
round nuclei almost fill the cell. The wall of the duct 
measures only 7-10 n thiclc, but the lumen is about 200 p, in 
diameter. When eggs are present in the lumen the epithelial 
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cells and their nuclei are greatly flattened. The median 
oviduct is joined by the two lateral oviducts which are histo­
logically similar to the median oviduct. 
Accessory glands and reservoirs 
The paired accessory glands are long, convoluted cylin­
drical ducts, each of which opens into a large, thin-walled 
reservoir. The reservoirs taper posteriorly to form a com­
mon duct v^ ich opens into the proximal portion of the vagina 
(Figure 24). 
Distally, the accessory gland is circular in cross-
section with a diameter of about 35 |a but has a small lumen, 
about 7 p in diameter. It does not appear to have a dis­
tinct cuticular intima although the accessory glands are 
of ectodermal origin (Snodgrass 1935). The lumen is lined 
by very small epithelial cells with small nuclei. This 
condition is similar to that found in the spermathecal gland 
and has been reported in other lepidopterous species by other 
authors, A layer of columnar secretory cells surrounds the 
small epithelial cells. The secretory cells possess large, 
granular nuclei in their basal regions and usually large 
secretory vacuoles between their nuclei and the epithelium 
lining the lumen. The secretory cells are bounded externally 
by a thin basement membrane. 
Nearer the reservoir the diameter of the gland and its 
lumen increase to approximately 90 |i and 50 la, respectively 
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(Figure 25), The epithelial cells are slightly larger, and 
it is possible to distinguish cell boundaries. The secretory 
cells, which number about 35 in cross-section, have larger, 
more distinct vacuoles. Cell boundaries are also more dis­
tinct, Secretory products are present within the lumen, A 
basement membrane surrounds the gland which attaches to the 
dorsolateral margin of the reservoir. 
The walls of the reservoir are rather thin, especially 
in their anterior part where the lumen is surrounded by flat 
epithelial cells. Their nuclei are also flat and widely spaced. 
The lining of the lumen does not appear to be distinctly 
cuticular. The epithelium is surrounded by a very thin layer 
of circular muscles in which no striations were observed. In 
the posterior regions the epithelial cells are larger and 
somewhat irregular in shape. They possess large, round 
nuclei and many have a peculiar cavity-like structure which 
is slightly larger than the nucleus (Figure 26), These 
small cavities appear to be lined with a material very simi­
lar to cuticle. They are refractile and usually appear 
near the inner edge of the cells. The cavity of these struc­
tures is typically filled with a material resembling the 
secretion filling the lumen of the reservoir. Many show a 
small canal leading from the cavity and opening into the 
lumen. The canals frequently contain a thin strand of mater­
ial which connects the material within the cavity with the 
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secretion of the reservoir (Figure 27). These "cuticle-
lined" cavities are restricted to the epithelium lining the 
posterior one-third of the walls of each reservoir and are 
more common in the lateral areas. They also appear in the 
epithelium of the very proximal portion of each accessory 
gland. When a compound microscope is used to examine the 
reservoirs removed from freshly killed females, these struc­
tures appear brown and very distinct and measure about 6-7 M 
in diameter. Most of them are single but some appeared pair­
ed. Allman (1930) found similar structures in the reservoir 
walls of Garpocapsa pomonella and described them as small 
refractile bodies which probably were unicellular glands. 
Those of the European corn borer do not appear to be uni­
cellular glands. 
Both reservoirs taper posteriorly and fuse to form a 
common reservoir duct which extends to the dorsal wall of 
the vagina. There are no refractile cavities present in 
the epithelium of the duct. The duct is about 75 in dia­
meter and is surrounded by a layer of circular striated 
muscles 10-12 [x thick. The epithelial cells lining the lumen 
are irregular in height and are arranged in longitudinal folds. 
Their nuclei are round to elongate. No cuticular intima was 
observed. The duct tapers slightly as it approaches the 
vagina. 
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Spermatheca and speirmathecal duct and aland 
The spermatheca is a small, bilobed organ consisting of 
a large (utriculus) and a small (lagena) lobe (Figure 28), 
Arising from the distal end of the utriculus is a small duct 
(about 58 n wide) which connects the spermatheca to the 
spermathecal gland. This duct possesses external longitudinal 
muscles which are continuous with those of the utriculus. In 
cross-section, about 15 to 17 cuboidal epithelial cells with 
large, round, basal nuclei surround the lumen of the duct 
which is about 40 |a in diameter. No cuticular intima was ob­
served, A secretory product may be found in this duct, or, 
in the case of mated specimens, sperm may be present in the 
proximal portion. 
The spermathecal gland is continuous with the distal 
end of this small duct and histologically resembles the 
accessory gland. The gland is circular in cross-section 
and about twice the diameter (115 p) of the duct connecting 
it to the utriculus, A very narrow lumen, about 10 ^  in 
diameter, is surrounded by a layer of small epithelial cells 
which are best recognized by their small nuclei (about 1 p, 
in diameter). Cell boundaries are indistinct. Similar condi­
tions were found in Mediterranean flour moth (Musgrave 1937) 
and Carpocapsa pomonella (Allman 1930) where these cells sur­
rounded an inner cuticular lining. Stitz (1902) also report­
ed the presence of these small epithelial cells in the sperma­
thecal gland of a few species of Lepidoptera, These cells 
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in the European corn borer do not, however, surround a dis­
tinct cuticular intima. 
In cross-section, the epithelium is surrounded by a 
layer of about 25 large columnar secretory cells with large, 
rounded, basal nuclei, 7-10 |i in diameter. Large secretory 
vacuoles are also present in these cells. The vacuoles 
stain similarly to the secretory product found in the lumen. 
The secretory cells are bounded externally by a thin basement 
membrane, and no muscular sheath is present. 
Both lobes of the spermatheca are surrounded by primarily 
circular and some longitudinal muscles. Although, the lumen 
of the lagena appears larger, the utricuius is much longer. 
The distal portion of the utriculus has a muscular coat in 
which the fibers have become oriented longitudinally. The 
epithelia of the utriculus and lagena are folded, and finger­
like projections extend into the lumen. The nuclei of these 
cells are round or oval and not limited to the basal regions. 
The epithelium is better developed in the lagena. No base­
ment membrane was observed. The intima of the spermatheca 
is not distinctly cuticular as is found in Mediterranean 
flour moth (Nusgrave 1937) and Garpocapsa pomonella (Allman 
1930). 
In unmated specimens a secretion occurs within the 
lumen of both lobes but more commonly in the lagena. In 
mated specimens sperm and a fine granular material fill the 
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utriculus and, to a lesser degree, the lagena. 
Proximally, the lagena and utriculus fuse to form a 
common lumen. It is still possible to differentiate between 
the lagenal and utricular sides of the lumen, however, be­
cause the epithelium is better developed on the lagenal side, 
A secretory product, in unmated specimens, and sperm, in 
mated specimens, are present in this common lumen. 
The spermatheca is continuous with the spermathecal 
duct. The upper end of the spermathecal duct is surrounded 
by a relatively thin, but well developed layer of circular 
muscles. The epithelium consists of low cuboidal cells with 
large nuclei. A distinct cuticular intima lines the duct and, 
in a localized area in the anterior part of the duct, the 
intima is well sclerotized, appearing macroscopically as an 
internal sclerite of the duct. This sclerotized area is 
approximately 9-10 ja at its thickest point. It does not 
completely encircle the lumen and narrows posteriorly to form 
a small, U-shaped canal which opens into the lumen (Figure 
29). This canal lies within a thick layer of epithelium on 
one side of the duct. The sclerotized canal spirals caudad 
along the inner surface of the duct and ends just before the 
duct joins the vestibulura. Females of many other lepidop-
terous species have a similar structure within their sperma­
thecal duct, and various functions have been ascribed to it. 
This canal has been termed the microduct (Joubert 1964b), 
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fertilization canal (Weidner 1934), and subsidiary spiral 
fertilization canal (Callahan and Gascio 1963), 
The epithelium of the spermathecal duct not associated 
with the sclerotized canal is in the form of longitudinal 
folds and has irregular-shaped cells. Sperm may be present 
within the spermathecal duct of mated specimens. In virgin 
females, a secretory product usually occurs in the duct. 
The duct is surrounded by well-developed circular muscles 
continuous with those of the vestibulum. 
Ovaries 
Each of the paired ovaries consists of four long, 
tapering polytrophic ovarioles which wind back and forth 
within the abdomen. Each ovariole is surrounded externally 
by a thin, syncytial sheath, the outer epithelial sheath. 
This sheath possesses small,.flattened muclei. An ovariole 
terminates as a bluntly rounded chamber, about 16 |i in 
diameter, termed the germarium (Figure 30), The four ger-
maria of one ovary adhere very close to each other but are 
separated by their individual epithelial sheaths. The ger­
marium contains the undifferentiated cells destined to be­
come the oocytes, trophocytes, and follicular epithelium. 
A short distance from the tip of the germarium, very 
faint transverse partitions are.present in the ovariole iso­
lating a small group of cells. Each group of cells con­
stitutes a follicle consisting of a few large cells with 
large nuclei and several smaller cells which are usually 
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restricted to the periphery of the follicle. This region 
is termed the vitellarium, or zone of growth, which extends 
down the ovariole to the pedicel. 
Further down the ovariole the cells of the follicles 
can be distinguished as an oocyte, trophocytes, and many 
prefollicular cells of the developing follicular epithelium. 
The trophocytes are recognized by their large nuclei and 
dark-staining cytoplasm. The oocyte is distinguished by its 
distinctive nucleus, or germinal vesicle. The nuclei of the 
prefollicular cells are considerably smaller than the other 
nuclei. The prefollicular cells are not separated by. dis­
tinct cell boundaries. 
More posteriad in the ovariole the prefollicular cells 
become organized into a single layer of follicular epithelium 
with distinct cell boundaries (Figure 31). In this region 
the oocyte and the trophocytes are larger. The follicular 
epithelium surrounding the oocyte is columnar, and the 
follicular cells, which are about 18-20 ti high, possess 
round nuclei all of which are at approximately the same 
level in the cells. A septum of squamous follicular cells 
separates the oocyte from the trophocytes and in some sec­
tions shows a median opening between the two regions through 
which material moves from the trophocytes to the oocyte. The 
follicular epithelium extends around the trophocytes as a 
flattened, rather indistinct layer. The trophocytes are 
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characterized by their large, irregular-shaped nuclei and dark-
staining (basophilic) cytoplasm. There are five trophocytes 
per follicle but frequently fewer are visible. The tropho­
cytes are endofollicular; they occur in the same follicle as 
the oocyte. The oocyte is always posterior to the tropho­
cytes and characterized by its distinctive nucleus. A thin 
outer epithelial sheath is visible in some regions. Follicles 
are separated from each other by interfollicular tissue, orig­
inating from the prefollicular tissue (Bonhag 1958). 
Descending the ovariole the follicular epithelium changes 
from columnar, to cuboidal, to squamous with the corresponding 
increase in size of the oocyte. The trophocytes also decrease 
in size until they completely disappear in the proximal re­
gions of the ovariole. In this region the follicle consists 
of a very flattened epithelium and a very large oocyte. 
Histology of the Male Reproductive System 
Testes and vasa deferentia 
The adult testes, located in the dorsal region of the-
fifth abdominal segment, are the result of the fusion of 
the paired larval testes. They are surrounded externally 
by a thin peritoneal sheath 2-3 thick (Figure 32), The 
term peritoneal sheath (Snodgrass 1935) is used rather than 
scrotum (Gholodkovsky 1884), Cell membranes are not evi­
dent, but there are many flattened nuclei almost as thick 
as the sheath. Numerous tracheal branches, some of which 
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penetrate into the testes, are invested in the peritoneal 
sheath, Cholodkovsky (1884) and Ruckes (l9l9) stated that 
in some Lepidoptera a thin, structureless layer over the 
peritoneal sheath is formed by the fused walls of the tra­
cheae, Such a layer does not appear to exist in the Euro­
pean corn borer. 
Immediately within the peritoneal sheet is the epi­
thelial sheath which surrounds the individual lobes, or 
follicles, of the testes and extends inward forming the septa 
which separate the lobes (Figure 32), This sheath is approxi­
mately the same thickness as the peritoneal sheath and pos­
sesses numerous flattened nuclei, slightly smaller than those 
of the peritoneal sheath. Distinct cell membranes are lack­
ing. 
Each larval testis normally consists of four linearly 
arranged lobes. During the end of the last (fifth) larval 
instar the paired testes fuse at the mid-line and are sur­
rounded by the common peritoneal sheath. During the pupal 
stage the fused testes becomes reorganized. The testicular 
lobes undergo torsion about the longitudinal axes of the 
fused testes resulting in a condition in which the eight lobes 
assume a whorl-like, or spiral, arrangement around each other. 
Sagittal sections through the testes showed the septa 
separating the lobes. The longitudinal axial region of the 
testes around which the lobes spiral consists of several 
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layers and is 20-25 n thick (Figure 33), When the testes 
are sectioned transversèly, the spiral arrangement of the 
internal structures is evident (Figure 34). 
Various stages of spermatogenesis occur in the lobes 
of the testes, the type and number of each depending upon 
the age of the adult (Chaudhury and Raun 1966), Primary 
spermatocytal cysts are rare, whereas secondary spermato-
cytal cysts are more common. These forms usually occur in 
the peripheral regions of the testis. Spermatidal cysts 
and elongating spermatidal cysts are common and occur near 
the center. There is a predominance of mature sperm bundles 
throughout most of the regions except in the periphery. They 
are easily recognized by their long, wavy bundles of flagella. 
The paired vasa deferentia join the posterior margin of 
the testis. Four short vasa efferentia connect each vas 
deferens with four lobes of the testis (Figure 35), 
The external peritoneal sheath of the testis is con­
tinuous over the external surface of the vas deferens. Very 
small, flattened nuclei occur infrequently in the sheath. 
Musgrave (1937) referred to this covering as the basement 
membrane in the Mediterranean flour moth and suggested that 
it may be contractile. Callahan and Gascio (1963) disputed 
the contractile ability of basement membranes and termed the 
non-striated sheath of the vasa deferentia and seminal vesi­
cles smooth circular muscle in the corn earworm. Striations 
are lacking in this sheath in the European corn borer but it 
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was not determined if it was smooth muscle. 
The epithelium of the vas deferens assumes five different 
forms. Just posteriad to the testis the epithelium consists 
of cuboidal or low columnar cells, 10-25 p, high, with round 
basal nuclei. The cells are surrounded by an indistinct 
basement membrane. The epithelium lines the lumen which is 
slightly higher than wide (315 p x 2l0 jj) and contains a 
mass of sperm plus a fine granular material. 
Further down the vas deferens the epithelium forms six 
or seven longitudinal folds which produces a stellate lumen 
about 60 p wide (Figure 36, A), The cells vary in height from 
18-80 |i. The lowest cells have round, basal nuclei, and the 
cells in the folds have extremely long, narrow nuclei which 
extend a considerable distance into the cells. The free 
edges of the cells are indistinct and have filamentous strands 
projecting from them into the lumen. The cells appear to be 
secretory but distinct secretory vacuoles are not common. The 
lumen is commonly filled with sperm. The epithelium is bound­
ed by an indistinct basement membrane. The outer thin, nucle­
ated sheath is present. The external diameter of the duct is 
about 216 (i. 
Further posteriad, the epithelium becomes more uniform 
in height (Figure 36, B), Epithelial cells, 50-77 |i high, 
have centrally located round nuclei and the cytoplasm usually 
exhibited secretory vacuoles. Cell boundaries are visible. 
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The oval lumen measures about 100 |ji x 32 n. The diameter of 
the duct is approximately 185 n decreasing to about 100-125 n 
just before its junction with the seminal vesicle. 
The seminal vesicle is an expanded region of the vas 
deferens for the storage of sperm and is continuous with the 
upper vas deferens (Figure 36, C), The outside diameter, at 
its widest point, is 225 n, and the lumen is about 180 ^  
at its widest point. The epithelium consists of low colum­
nar cells, 16-26 |a high, with round nuclei and distinct cell 
boundaries. The epithelium is surrounded by a basement 
membrane, 
The seminal vesicle tapers rather abruptly at its poste­
rior margin to form the lower vas deferens. This duct is 
46-53 la in diameter. The epithelium in cross-section ex­
hibits about 15 cuboidal cells, 15-29 |i high, with round 
nuclei. They are bounded externally by the nucleated sheath. 
The lumen of the duct is narrow, sometimes appearing almost 
closed. 
Paired eiaculatorv ducts 
The paired ejaculatory ducts are large cylindrical ducts, 
assuming a G-shape, beneath the testis from which each re­
ceives a vas deferens. These ducts may have an external dia­
meter of about 250 p at their widest region, decreasing in 
size at both ends. Just before their junction with the com­
mon ejaculatory duct they are approximately 80 p in diameter. 
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The tall columnar epithelial cells, up to 53 (a high, 
have a granular cytoplasm and round nuclei in their basal 
half (Figure 37), Secretory vacuoles are present in almost 
all cells. When these vacuoles become filled, part of the 
cell surrounding the vacuoles "buds" off, distributing the 
secretion in the lumen (Figure 38). The lumen may attain a 
diameter of 165 |i. Sperm are abundant within the anterior 
half of the lumen. In the fixed tissue, secretions, con­
sisting of a fine granular material and somewhat filamentous 
strands, fill the lumen. The epithelium is surrounded by a 
basement membrane. 
Accessory glands 
The paired accessory glands are continuous with the dis­
tal ends of the paired ejaculatory ducts. They are long, 
cylindrical ducts fairly uniform in external diameter (about 
104 ji) except at their distal ends where the diameter de­
creases to about 60 (ji. 
The epithelium consists of low columnar cells, 23-40 n 
high, but cuboidal cells (about 12 |i high) are common in 
distal portions. Their nuclei are round and centrally located. 
Secretory vacuoles appear near the rather irregular free edges 
of the cells. The lumen, 53-58 ^  in diameter, is filled with 
a rather heterogeneous material. The epithelium is surrounded 
by a basement membrane. No muscle layer was observed. 
Each accessory gland terminates in a thin-walled, sac-like 
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structure. The terminal sacs are contiguous mesally and are 
usually void of material except for a very small amount of an 
unknown substance. The lumens of the sacs range in diameter 
from 200-250 (i and are lined with cuboidal epithelium, 13-18 p 
high. The nuclei of these cells are round. The epithelial 
layer is surrounded by a basement membrane, and muscles are 
lacking. 
Common eiaculatorv duct (primary portion) 
The primary portion of the ejaculatory duct is an ex­
tremely long, convoluted, cylindrical duct functioning in 
the formation of the spermatophore. Many researchers have 
studied the secretions produced in this duct and their re­
lationships to the structure of the spermatophore. This 
duct is characterized by distinct secretory regions, each 
elaborating its own secretion. 
The different secretions produced by the common ejacu­
latory duct in the European corn borer present unique pat­
terns, most of which can be easily distinguished from each 
other. There are, however, transition zones in which inter­
mediate patterns are present. The secretions present can 
be divided into five types. All were fairly constant in 
the specimens observed which were all virgin males, one-
to two-days-old. 
The distal region of the common duct just posteriad to 
the paired ejaculatory ducts, has a diameter of approximately 
105 ja and a lumen about 75 n wide. There are variations 
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in the size of the duct and its lumen throughout its length. 
Low columnar epithelial cells, about 12 |a high, surround the 
lumen. Their free edges are rather indistinct and appear 
to blend in with the secretory material of the fixed tissue. 
Cell boundaries are fairly distinct, and their round nuclei 
are not restricted to the basal regions of the cells. An in­
distinct basement membrane surrounds the epithelial layer. 
There is a sheath of some type outside the basement membrane. 
In some regions it appears to be muscular, consisting of 
mostly circular and possibly a few longitudinal fibers, but 
no striations were detected by the methods used. In other 
regions this sheath is indistinct. The secretory material 
of this area, which is fairly short, presents a radial pat­
tern in which finely granulated regions alternate with clear­
er streaks, thinly outlined by more dense strands. There is 
an abrupt transition from this type of secretion to the type 
produced by the next region of the duct, 
-The secretory material of the next region has a homo­
geneous, translucent periphery, A concentric layer of fine­
ly granulated material surrounds the central area which is 
smooth but has very fine granules. The diameter of the duct 
is slightly larger than that of the preceding portion, and 
its lumen is approximately 90 n in diameter, Cuboidal epi­
thelial cells, about 10 high, have large, round nuclei and 
fairly distinct cell boundaries. The sheath surrounding the 
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basement membrane is fairly distinct but difficult to inter­
pret. There are some nuclei present in this sheath but no 
striations were observed. 
The next secretory region is rather long. The duct is 
over 200 |i wide and has a lumen of approximately 170 la wide. 
The cuboidal epithelium, about 19 p, high, has distinct cell 
boundaries and contains large, round nuclei. It is surround­
ed by an indistinct basement membrane outside of which is 
located the external sheath which in some specimens was very 
evident (Figure 39). The fixed secretory material has a 
"distinct, fairly constant pattern. Central vacuolated strands 
radiate outward to a peripheral region which has small parti­
cles arranged in a somewhat spiral pattern. 
The next secretory region of the common ejaculatory duct 
is also fairly long and has an external diameter of approxi­
mately 225 [X and a lumen of about 200 n in diameter. Both 
dimensions are variable, however. The cuboidal epithelium 
is about 12 |i high. Individual cells are less conspicuous 
and nuclei are difficult to recognize. The cells are very 
basophilic, as they are throughout the entire duct. They 
are bounded by an indistinct basement membrane which is sur­
rounded by the external sheath. The secretion of this region 
is an eosinophilic, hyaline material with a very fine granu­
lar appearance. The center is often more deeply stained. 
Areas» void of material, are sometimes common in the central 
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regions of the secretion (as seen in cross-section) and 
may represent some substance that was lost during prepara­
tion of the tissue for microscopy. This secretion somewhat 
resembles that described from the second region, but is 
separated from it by the secretion of the third region. 
In the last secretory region the wall of the duct is 
sometimes collapsed or wrinkled. The diameter of the duct 
is variable reaching 160 |i at its widest point. The lumen, 
also variable, may reach 117 la in diameter. The cuboidal 
epithelium varies in height from 7-16 )i. The cells have 
large, round nuclei. No secretory vacuoles were observed. 
The epithelium is surrounded by a basement membrane. There 
is a well-developed outer sheath with flat nuclei. This 
could be circular muscles but no striations were detected 
with the techniques used, 'There may also be a few longi­
tudinal strands present. The contents of the lumen is granu­
lar and lacks any definite pattern. 
The external sheath, which is common to most of the 
primary portion of the common ejaculatory duct, is of a rather 
questionable structure, Stitz (l90l) used the term "tunica 
propria" for the external membrane of the male reproductive 
system, but Musgrave (1937) preferred the term basement mem­
brane. Callahan and Gascio (1963) decided, since contractile 
ability is not normally attributed to basement membranes and 
epithelial cells, that the external sheath surrounding several 
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parts of the male reproductive system of the corn earworm 
was non-striated smooth circular muscle. The composition 
of this sheath was not determined in the male European corn 
borer. 
Common eiaculatorv duct (cuticular portion) 
The cuticular portion of the common ejaculatory duct is 
similar to that of the corn earworm (Callahan and Cascio 
1963). It consists of an inner cuticular duct within a non-
sclerotized cuticular tube which is continuous with the 
aedeagus. The inner duct extends anteriad from the endo-
phallus at the base of the aedeagus. It has a distinct 
cuticular lining, about 3 p thick, surrounded by an epithelium 
with a few rather large nuclei. No spicules appear on the 
lining in this region. The inner cuticular duct appears to 
lie free within the open side of the much larger outer 
cuticular tube (Figure 40), 
The outer duct is flattened in its middle region. It 
has a cuticular layer, 2-3 |i thick, and epithelial cells occur 
regularly beneath the cuticular surface and are recognized by 
their nuclei. Large bands of striated muscles are arranged 
transversely between the cuticular walls of the outer tube, 
A thin membrane with a few very flat nuclei completely sur­
rounds the cuticular portion of the common ejaculatory duct 
in the European corn borer. This structure does not occur in 
the corn earworm (Callahan and Cascio 1963), 
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The transverse muscles of the outer cuticular tube are 
differently arranged in the large anterior coil of the cuti­
cular portion of the common ejaculatory duct, A thick (al­
most 100 n) circular sheath of muscles completely surrounds 
the inner duct in this region. The cuticular membrane of 
the outer duct is slightly reduced in size. The cuticular 
lining of the inner duct is less evident and forms many longi­
tudinal folds. Long, pointed spicules appear on the surface 
of the lining of this area but are lacking, as is the dis­
tinct cuticular lining, wtoen the duct joins the proximal end 
of the primary portion of the common ejaculatory duct. Here, 
the circular muscle layer of the outer duct is reduced to a 
thickness of about 50 n, 
Aedeagus 
The inner duct of the cuticular portion of the common 
ejaculatory duct is continuous with the endophallus within 
the aedeagus. The junction of these two regions, which is 
the primary gonopore, is at the base (anterior end) of the 
aedeagus, 
In the base of the aedeagus the cuticular lining of the 
endo phallus is distinct and measures up to 13 la thick. Sharp, 
cuticular spicules, measuring about 5 M long, occur as pro­
jections of the intima (Figure 41), The intima is surrounded 
by a thin layer of epithelium with small round nuclei and in­
distinct cell boundaries. The endophallus is coiled within 
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the aedeagus. Most of the internal area of the aedeagus is 
occupied by longitudinal striated muscles which insert on the 
endophallus. Tracheal branches are also numerous. 
The aedeagus is a sclerotized, tubular organ whose cuti­
cular layer is 3-4 la thick (Figure 42). The cuticular layer 
is bounded internally by the epithelium, which is much re­
duced in some areas, and externally by the membranous manica 
of the surrounding annellus. 
The endophallus extends posteriad through the aedeagus. 
The cuticular intima is variable in thicleiess and possesses 
numerous sharp spicules. Midway through the aedeagus the 
longitudinal muscles are less numerous. In this region a dis­
tinct sclerotization and thickening occurs in the ventral 
cuticular intima of the endophallus forming the cornutus. 
Further posteriad the cornutus appears as a large U-shaped 
sclerite in cross-section. It is bounded by a layer of 
fairly distinct epithelial cells. The cornutus is 9-10 n at 
its thickest point. Ho muscles appear to attach directly to 
the cornutus. The endophallus extends posteriad and opens 
via the secondary gonopore through which the endophallus is 
everted, 
Observations on the Developing Larval Gonads 
This phase of the investigation consisted of observing 
the gross morphological changes of the gonads during the lar­
val stages of the European corn borer. Observations were 
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made on 5-10 Larvae collected on successive days by dis­
secting those preserved in 10% formalin and sectioning those 
fixed in Bouin's fixative. Lengths and widths of the testes, 
and ovarian lengths, were measured, and general appearance of 
the gonads was recorded. Larvae enter the second instar about 
three days after hatching. The third instar occurs about the 
seventh day and the fourth about the ninth day. The last 
(fifth) instar is reached on the 12th or 13th day, and pupa­
tion occurs about the 14th day after hatching. Adults usually 
emerge on the 21st or 22nd day. 
Parker and Thompson (1927), in their study of the hiber­
nation of the European corn borer, estimated the larval age 
from the condition of the testes. They defined four stages 
of growth of these organs. Cloutier and Beck (1963) studied 
spermatogenesis in diapausing and non-diapausing corn borer 
larvae and found that spermatogenesis is arrested in borers 
reared under conditions inducing diapause. Guthrie et al. 
(1965) conducted chromosome studies on the European corn 
borer and reported finding testes averaging 0,168 mm in 
length and 0,056 mm in width in early second instar larvae 
but gave no description of them. Chaudhury and Raun (1966) 
showed the relationship between the stages of spermatogenesis 
and age of the European corn borer from the third larval in-
star through the three-day-old adult, 
Virkki (1963) traced the development of the testes, which 
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were first observed in four-day-old larvae of Diatraea 
saccharalis. The development of the testes and their germ 
cells in relationship to diapause and non-diapause condi­
tions has also been studied in other lepidopterous species 
(Santa and Otuka 1955, Nishiitsutsuji-Uwo 1959, Mochida 
and Yoshimeki 1962). The development of the ovaries and 
other reproductive organs during the larval and pupal stages 
have been studied in Solenobia triauetrella (Ammann 1954, 
BrunoId 1957), Ammann (1954) included some references to 
the male organs also. 
Each testis of the European corn borer larva is nor­
mally a small reniform body consisting of four linearly 
arranged lobes surrounded by a common peritoneal sheath. It 
is located in the dorsal region of the fifth abdominal seg­
ment on either side of the dorsal vessel, A thin duct arises 
from the mesoventral margin of each testis and extends pos-
teriad to a small genital pouch below the rectum in the ninth 
abdominal segment. Fat-body tissue is usually attached to 
the anterior and posterior ends of the testes. The ovaries 
are located approximately in the same position in the fifth 
abdominal segment. They are, however, considerably smaller 
than the testes and are partially embedded in fat-body 
tissue. Each ovary consists of four ovarioles surrounded by 
a common peritoneal sheath (Snodgrass 1935), A thin efferent 
duct extends caudad from their posterior margin and attaches 
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near the mid-ventral line in the seventh abdominal segment. 
No external opening is present. 
Dissections of larvae younger than three days of age 
are almost impossible by the methods used in this study. 
Specimens one and two days old were not dissected, but serial 
sections of these ages were examined, 
One-dav-old larvae 
Gonadal tissue was extremely difficult to recognize from 
the sectioned material of this group. Some tissue that may 
have been the gonads was found but could not be identified as 
either ovaries or testes. 
Two-day-old larvae 
Testes were definitely recognized in one sectioned larva. 
The four lobes were evident and each contained several germ 
cells. Ovaries were not recognized in any specimens; however, 
gonads were found in one other specimen but it was not deter­
mined what sex. 
Three-day-old larvae 
Only two three-day-old larvae were dissected because of 
their small size (about 4 mm long). In the male, both testes 
had four distinct lobes, but one lobe in each testis was some­
what smaller than the other three. Both measured approxi­
mately 0.150 ram x 0.050 mm (all measurements of testes will 
be given as length x width unless stated otherwise). These 
dimensions are very close to those given by Guthrie et al. 
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(1965) for the testes of early second instar larvae which 
would be about three days old. The ovaries of the other 
specimen were extremely small, measuring about 0,042-0,056 
mm in length. No definite structure was noted in them. 
Testes and possibly ovaries were recognized from the sec­
tioned material, 
Four-dav-old larvae 
All testes had four lobes and averaged 0,175 mm x 0,070 
mm. The ovaries .were very small and measured approximately 
0,060 mm in length. A pair of ovaries from one specimen, 
examined with a compound microscope, showed that ovarioles 
of one ovary were in an early stage of development, whereas 
the other ovary had four distinct ovarioles. Testes were 
recognized in the sectioned material and ovaries were found, 
but they were difficult to recognize, 
Five-dav-old larvae 
The average dimensions for the testes were 0,217 mm x 
0,095 mm. All testes had four lobes but one had two lobes 
which were distinctly smaller than the other two. Ovaries 
measured approximately 0,070 mm in length, and ovarioles were 
indistinct. Ovaries and testes were recognized in the sec­
tioned material, 
Six-dav-old larvae 
The testes averaged 0,281 mm x 0,142 mm. One testis 
appeared to have only three lobes while the other of the pair 
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had four distinct lobes. Several of the testes had one and 
sometimes two lobes which were smaller than the other lobes 
of that testis. The most common lobe to be underdeveloped 
was either the anterior or posterior lobe within the testis. 
The ovaries ranged in length from about 0,10-0.14 mm, 
Ovarioles were very small but visible in most specimens and 
appeared as four stubby fingers. The sectioned material from 
this age group was poorly prepared and showed nothing, 
Seven-dav-old larvae 
There was a considerable range in the dimension of the 
testes in this group. Lengths ranged from 0,297-0,726 mm and 
widths from 0,132-0.330 mm, Tha average dimensions for all 
testes in this group were 0.485 mm x 0.233 mm. If the testes 
from one larva, which was much larger than the others, were 
not included the average dimensions dropped to 0,451 mm x 
0,217 mm. One and sometimes two lobes of a testis in some 
specimens were distinctly smaller than the other lobes. 
Ovaries ranged in length from 0,099-0,132 mm and had visible 
ovarioles. Testes and ovaries were easily recognized in 
the sectioned material, 
Eight-dav-old larvae 
The average dimensions of the testes were 0,446 mm x 0,181 
mm. All of the testes were well-developed and had four dis­
tinct lobes. However, both testes from one larva were abnor­
mally developed (Figure 43), The right testis had three nor­
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mally arranged lobes, but the fourth was attached to the 
mesal margin and did not appear to be enclosed in the peri­
toneal sheath. The left testis consisted of two separate 
structures each with two lobes. The average length of the 
ovaries was 0,l39 mm with a range of 0,099-0,231 mm. In 
the largest ovaries, the ovarioles were easily recognized. 
Testes and ovaries were conspicuous in the sectioned material, 
Nine-dav-old larvae 
The average dimensions for the testes were 0,712 mm x 
0,297 mm. Most had four we11-developed lobes (Figure 44), 
but a couple had one or two under-developed lobes (Figure 
45), Out of 10 specimens examined only two were females. 
The lengths of the pair of ovaries in one larva were 0,090 
mm and 0,099 mm; ovary lengths in the other were 0,099 mm 
and 0,132 mm, Ovarioles are not very distinct when examined 
with a dissecting microscope but were more evident when a 
compound microscope was used to examine them (Figure 46), 
Sectioned material showed gonads of both sexes. Figure 47 
shows a sagittal section of two ovarioles of an ovary par­
tially embedded in fat-body tissue, 
Ten-dav-old larvae 
The average dimensions for the testes were 0,846 mm x 
0,396 mm with ranges of 0,561-1.155 mm and 0,297-0.561 mm 
for the length and width, respectively. All testes had lobes 
of fairly uniform size but in one testis one lobe was situ­
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ated laterad to the other three. The ovaries ranged from 
0,165-0,264 ram in length, Ovarioles were still not very 
conspicuous when observed with a dissecting microscope. 
Testes and ovaries were easily recognized in the sectioned 
material. 
Eleven-dav-oId larvae 
Only two males were dissected in this age group. One 
had well-developed testes averaging 1,122 ram x 0.578 mm. 
The smaller of the two larvae had testes averaging 0.677 mm 
X 0.264 mm which is considerably less than the first. jDtiis 
difference can probably be explained only by individual 
variation. The range of the ovary lengths was 0,165-0,429 mm 
with an average of 0,272 mm, Ovarioles were conspicuous 
in some of these specimens and definite elongation was evi­
dent, Ovaries and testes were conspicuous in sectioned 
material. 
TweIve-dav-oId larvae 
The testes of this age-group averaged 0,862 mm x 0,491 
mm. The individual testicular lobes were less evident and 
were no longer distinctly separated by internal septa. The 
four lobes fill most of the area within the outer peri­
toneal sheath of the testis. This growth is caused by the 
progression of spermatogenesis filling the lobes with the 
various stages, or cysts. The testes in one specimen ap­
peared to be in the initial stages of fusion. The outer 
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sheaths of both were extending mesad. The ovaries ranged 
from 0.198-0,330 mm in length (average, 0,256 mm). Four 
ovarioles were quite evident in some specimens. Occasion­
ally only two or three were visible from the ventral side 
because the others were located above them and obscured from 
view. No female specimens were found in the sectioned mater­
ial but males had conspicuous testes, 
Thirteen-dav-oId larvae 
The average dimensions of the testes were 1,111 mm x 
0,572 mm. All were large and well-developed. One testis 
appeared to have five lobes. This was shown by removing the 
outer peritoneal sheath from the ventral side and exposing 
the inner five lobes. Various stages of spermatogenesis were 
visible using a dissecting microscope; elongate bodies, per­
haps elongating spermatids or bundles of mature sperm, were 
seen in the mesal regions of the lobes. The ovaries aver­
aged 0.383 mm in length and possessed distinct ovarioles. 
Testes and ovaries were easily located in sectioned material, 
Fotir teen-dav-o Id larvae 
The average dimensions for the testes were 0,941 mm x 
0,566 mm, both of which are less than those of the preceding 
age group. One specimen had testes which were fused, but 
they were accidently split apart during dissection. They 
measured 0,990 mm in length, and their combined widths were 
1.749 mm. These testes probably had not been fused long 
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because there was very little of the rounding-up which occurs 
later in their development. The ovaries averaged 0.338 mm in 
length which was also less than that of the l3-day-old larvae. 
Again, only males were sectioned; their testes were very con­
spicuous and well-developed (Figure 48), 
Fifteen-dav-old larvae 
The first pupae were found in this age-group. No male 
larvae had testes that were fused; the average dimensions 
were 1,067 mm x 0,665 mm. Ovaries ranged in length from 0,330-
0,495 mm (average, 0,422 mm), A whole-mount of an ovary (Fig­
ure 49) shows four developing ovarioles and the efferent duct. 
Sectioned material showed one male larva with fused testes. 
The ovaries of one of the sectioned specimens were in a stage 
of rapid growth and elongation (Figure 50), This stage is 
characterized by a significant lengthening of the ovary accom­
panied by a curving of the ovarioles. 
Sixteen-dav-old larvae 
Only two specimens of each sex were observed in this age-
group. Both males had fused testes. In one, the fused testis 
was round and had a diameter of 1.386 mm. The fused testis of 
the other male was 1,518 mm x 1,155 mm and had a slight depres­
sion at the line of fusion. Individual lobes were not visible. 
The ovaries of one female averaged 0,578 mm in length. The 
ovaries of the other female were in a more advanced stage of 
development. The ovaries of this specimen were curved and 
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approached 0,8 mm in length. The sectioned material con­
sisted only of females which were prepupae. Their ovaries 
were elongated and curved. 
Some pupae preserved in 10% formalin were dissected but 
difficulties were encountered in removing the hard exoskele-
ton and in locating the internal organs. Fused testes in 
the fifth abdominal segment were the easiest to find in pre­
served specimens, and ovaries were found if great care was 
taken in removing the fat-body tissue and if a stain was 
used. Internal structures of living pupae were easier to 
locate. Older pupae are somewhat easier to dissect because 
the internal organs are much better developed. 
Limited observations were made on the reproductive organs 
of pupae. One male specimen (17 days old) had reproductive 
structures in an early stage of development. The common 
ejaculatory duct was very short in comparison to that of the 
adult. It was formed by the fusion of two efferent ducts 
which could still be recognized. The paired ejaculatory 
ducts, accessory glands with terminal sacs, and the vasa 
deferentia were also much smaller and shorter than their 
definitive forms. Female pupae (18 days old) had ovaries in 
which the developing oocytes were easily recognized. The 
remainder of the reproductive tract appeared to have very 
little muscle surrounding the ducts. All adult structures 
were found in approximately their definitive position, but 
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all were reduced in size. 
The abdomens of a few pupae were removed, embedded, and 
sectioned following the procedure used for the larvae. This . 
method proved unsuccessful for the most part, but some sec­
tions were obtained when the paraffin blocks, which already 
had some sections cut from them, were soaked for several days 
in a softening solution,^  Sections from one of these speci­
mens showed the fused testis in a state of torsion around the 
longitudinal axis. 
There are limited conclusions that can be drawn from 
these observations. First, the development of the testicular 
lobes is probably synchronous but at times abnormal develop­
ment, or asynchrony, takes place resulting in one or more 
lobes which are much smaller than the other lobes of the.tes­
tis, It was more difficult to recognize any abnormal develop­
ment in the ovaries because of their small size, A major 
part of their growth takes place from the prepupal stage and 
through the pupal stage, whereas the testes attain their great­
est size just before or shortly after pupation (Ghaudhury and 
Raun 1966), Secondly, gonads are present in the one-day-old 
larva, but it is very hard to determine the sex. Testes are 
recognizable in the two-day-old larva and are much easier to 
find throughout the larval stages, 
5^4 ml 95% ethyl alcohol, 36 ml distilled water, and 10 
ml glycerol. 
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When comparing the measurements of the testes recorded 
during these observations with those of Ghaudhury and Raun 
(1966), it can be seen that there is a difference for certain 
age-groups. In some cases, it appears that the larvae used 
in this study were almost two days behind in testicular devel­
opment. One difference in procedures was the use of preserved 
specimens in this study and the use of living specimens in 
their work. Slightly different rearing techniques may have 
been used in the two studies. They also used larger numbers 
of larvae. These conditions may explain some of the differ­
ences encountered but probably not all. In some age-groups 
there was a great range of testicular dimensions and in some 
groups, larval testicular size averaged less than that of the 
preceding younger group. These variations may be explained 
by the small numbers of larvae sampled for each age-group. 
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SUMMARY 
The principal objective of this investigation was to 
describe the morphology and histology of the internal re­
productive systems of the adult European corn borer, 
Ostrinia nubilalis (Hubner). Observations were also made 
on some aspects of copulation, multiple mating and the 
development of the larval gonads. 
The internal reproductive system of the female, similar 
to the basic pattern found in ditrysian Lepidoptera, consists 
of the following structures: the bursa copulatrix which 
includes the ostium bursae opening midventrally on the eighth 
abdominal segment, the ductus bursae, and the corpus bursae 
with its signum; the bursal gland; a short seminal duct 
arising from a small ventrolateral pouch of the ductus bursae; 
the oviporus of the last abdominal segment; the vagina with 
a pair of small lateral pouches and an anterior vestibulum; 
paired accessory glands and reservoirs which are connected 
to the vagina by a common duct; a bilobed spermatheca whose 
duct joins the vestibulum; a long spermathecal gland; median 
and lateral oviducts; and paired ovaries each with four 
ovarioles. 
The internal reproductive system of the male consists 
of the following structures: fused testes located in the 
fifth abdominal segment; paired vasa deferentia each with 
an enlargement, the seminal vesicles which are continuous 
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with the lower vasa deferentia; paired accessory glands; 
paired and common ejaculatory ducts; and an aedeagus with 
an eversible endophallus with a cornutus. 
Moths which were not capable of separation after copu­
lation were examined but an explanation for this condition 
was not determined, and they did not appear to differ from 
normally mating moths killed during copulation. Females 
sometimes mate more than once. Out of 58 mated females, 
27 (46,5%) had mated at least twice. Multiple matings of 
two and three times were the most common and one female 
mated four times. The positioning and appearance of the 
spermatophores were noted in females mating one or more 
times. Males were capable of mating more than once. 
The histology of the female reproductive organs, studied 
from serial sections, was similar to that of lepidopterous 
species described by other authors. Modifications were noted, 
however. The cuticular intima of the proximal end of the 
ductus bursae is modified to form a sclerotized, spring-lock 
device which may function to hold the endophallus in place 
during copulation. The bursal gland appears to be the source 
of the secretion found within the gland itself, the corpus 
bursae, and ductus bursae. The function and composition of 
this secretion was not determined. Small, hollow refractile 
bodies in the epithelium of the accessory gland reservoirs 
commonly contain the secretion stored in the reservoirs. 
77 
The histology of the male reproductive organs, also 
studied from serial sections, generally conforms to that 
described in other lepidopterous species. The eight lobes 
of the fused testes are whorled around the longitudinal axis 
of the fused structure and contain cells in the various 
stages of spermatogenesis with a predominance of mature sperm. 
The upper vasa deferentia, seminal vesicles, and paired 
ejaculatory ducts are involved in the storage of sperm and 
are secretory in nature. The paired accessory glands are 
also secretory but do not store sperm. The primary portion 
of the common ejaculatory duct possesses secretory epithelium. 
The secretion presents five different patterns in the fixed 
material. The cuticular portion of the common ejaculatory 
duct possesses striated muscle and an inner cuticular duct 
which continues in the aedeagus as the eversible endophallus. 
The gonads of larvae, 1-16 days of age, were briefly 
described and measured. The testes are located in the dorsal 
region of the fifth abdominal segment on either side of the 
dorsal vessel. Each is composed of four testicular lobes, or 
follicles. An efferent duct arises from the mesoventral 
margin of the testis and extends caudad to the genital pouch 
in the ventral region of the ninth abdominal segment. The 
ovaries are located in a similar position in the fifth ab­
dominal segment but are much smaller and partially embedded 
in fat-body tissue. Each ovary is composed of four ovarioles. 
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An efferent duct extends caudad from the posterior margin 
of the ovary and attaches to the inner ventral integument 
in the seventh abdominal segment. No external opening is 
present. 
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FIGURES 
Figure 1. Diagrammatic dorsal view of adult female 
reproductive system. One ovariole shown 
in its entirety; others not shown except 
for proximal follicle. Accessory gland 
reservoirs shown to right of actual posi­
tion and with only proximal part of right 
accessory gland. Distal portion of sperma-
thecal gland not shown. Bursa copulatrix 
slightly to left of normal position. 
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Figure 2. Right lateral view of adult female reproductive system (mated). Ovaries 
not shown. Only proximal portions of spermathecal and accessory glands 
shown. 
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Figure 3, Right lateral view of posterior abdominal 
segments of adult female showing sclerites 
in relation to ostium bursae (abdominal 
segments stretched out). 
Figure 4, Dorsal view of bursa copulatrix and seminal 
duct of unmated female. 
Figure 5, Internal view of two signa from two corpora 
bursae. 
85 
, POSTERIOR APOPHYSIS 
•ANTERIOR 
APOPHYSIS 
V  V I I I  
A^NAL 
PAPILLAE 
OSTIUM BURSAE-^ 
FIGURE 3 
BURSAL 
GLAND-
FIGURE 4 
,0.55 MM 
CORPUS 
BURSAE 
DUCTUS 
BURSAE 
SEMINAL 
DUCT 
OSTIUM 
BURSAE 
0.25MM 
FIGURE 5 
FIGURE 4 
Figure 6. Ventral view of bursa copulatrix containing 
spermatophore. Bursal gland not shown. 
Figure 7. Dorsal view of spermatophore. 
Figure 8, Ventral view of bursa copulatrix containing 
two spermatophores. 
Figure 9, Left lateral view of corpus bursae 
three spermatophores (left side of 
bursae removed). 
containing 
corpus 
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Figure 10. Dorsal view of accessory gland reservoirs 
from unmated adult female. Accessory glands 
removed except for proximal portions. 
Figure 11, Ventral view of reproductive system of un­
mated adult female, Spermatheca, its duct 
and gland, and ovaries not shown. 
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Figure 12. Dorsal view of spermatheca and its gland and 
duct in relationship to vestibulum, seminal 
duct, vagina, and median oviduct. 
Figure 13. Testis, vasa deferentia, seminal vesicles, 
paired ejaculatory ducts, and accessory 
glands (structures spread out for clarifi­
cation), Arrow indicates junction of 
paired ejaculatory duct with accessory gland. 
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Figure 14. Dorsal view of adult male reproductive 
system. 
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Figure 15. Right lateral view of aedeagus and cuticular part of common ejaculatory 
duct (endophallus partially everted to show cornutus). Arrow indicates 
junction of cuticular and primary parts of common ejaculatory duct. 
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Figure 16« Left lateral view of aedeagus showing internal 
endophallus with cornutus (specimen cleared in 
KOH). 
Figure 17» Left lateral view of aedeagus, everted endo­
phallus, and proximal portion of common 
ejaculatory duct (specimen taken during 
copulation). 
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Figure 18, Cross-section of corpus bursae. A, muscle 
layer; B, signum; C, secretion. (lOX obj.) 
Figure 19, Gross-section of corpus bursae through center 
of signum. A, signum; B. epithelium; G, 
secretion; D, muscles, (40X obj,) 
Figure 20. l-Jhole mount of proximal end of ductus bursae, 
A, sclerite of ductus bursae; B, pouch; C, 
seminal duct. Mounted in Hoyer's medium, 
(lOX obj.) 
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Figure 21. Gross-section through a part of female abdomen. 
A, proximal end of ductus bursae with sclerite; 
B, seminal duct; G, sperxnathecal duct; D, med­
ian oviduct. (25X obj,) 
Figure 22. Gross-section of proximal portion of vagina 
and rectum. A, circular muscle layer of 
vagina; B, vaginal epithelium; G, lumen of 
rectum. l25X obj.) 
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Figure 23. Cross-section through a part of female ab­
domen. A, vestibulum; B, seminal duct; C, 
median oviduct; D, ductus bursae posteriad 
to sclerite, (25X obj.) 
Figure 24. Section through female accessory gland reser­
voir and associated structures. A, reservoir 
containing accessory gland secretion; B, 
proximal accessory gland; C, reservoir duct, 
(lOX obj.) 
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Figure 25. Longitudinal section of proximal female 
accessory gland. A, basement membrane; 
B, secretory cell nucleus; C, epithelial 
cell nucleus; D, secretion in lumen; E, 
secretory vacuole. (lOOX obj.) 
Figure 26. Gross-section of epithelium of female 
accessory gland reservoir. A, reftactile 
cavity; B, epithelial nucleus. (lOOX obj.) 
Figure 27, Gross-section of epithelium of female access­
ory gland reservoir. A, strand of material 
extending from material within refractile 
cavity to secretion within lumen of reservoir. 
(lOOX obj.) 
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Figure 28. Section through spermatheca and associated 
structures of mated female. A, utriculus 
containing sperm; B, lagena; G, sperma-
thecal duct, (lOX obj.) 
Figure 29, Section through portions of coiled sperma­
theca 1 duct of mated female. A, epithelium; 
B, muscle layer; C, spiral sclerotized 
canal. (40X obj.) 
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Figure 30 Longitudinal section through germarixim of 
adult ovariole. A, outer epithelial sheath: 
B, undifferentiated germ cells, (lOOX obj.) 
Figure 31, Longitudinal section through follicle from 
middle portion of adult ovariole. A, tropho-
cyte; B, oocyte showing germinal vesicle; 
C, follicular epithelium; D, interfollicular 
tissue. (40X obj.) 
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Figure 32. Section through portion of adult testes, 
A, peritoneal sheath; B, epithelial 
sheath; G, epithelial septum separating 
testicular lobes, (40X obj.) 
Figure 33, Sagittal section of adult testes. A, median 
longitudinal axial region, (lOX obj.) 
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Figure 34. Cross-section of adult testes showing spiral 
arrangement of internal structures. (lOX obj.) 
Figure 35, Sagittal section of adult testes and upper 
vas deferens. A, vasa efferentia; B, upper 
vas deferens containing sperm; G, testes, 
(25X obj,) 
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Figure 36. Longitvidinal section of upper vas deferens and seminal vesicle of adult 
male. A, epithelium of vas deferens forming longitudinal folds; B, 
epithelium of vas deferens surrounding oval lumen; G, seminal vesicle 
containing sperm; D, sperm, (lOX obj.) 
Figure 37, Longitudinal section of paired eiaculatory duct. A, columnar secretory 
epithelium; B, sperm. (lOX obj.) 
Figure 38. Section through epithelium of paired ejaculatory duct. A, external 
nucleated sheath; B, secretory cell nucleus; C, secretory "bud;" 
D, secretion. (lOOX obj.) 
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Figure 39» Gross-section of common ejaculatory duct, 
A, columnar secretory epithelial cell; B, 
external sheath; C, secretion, (lOOX 
obj.) 
Figure 40. Cross-section through flattened part of 
cuticular portion of common-ejaculatory 
duct. A, epithelium of inner duct; B, 
cuticular intima of inner duct; C, epi­
thelial nucleus of outer duct; D, trans­
verse muscles. (40X obj.) 
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Figure 41. Cross-section through basal region of aedeagus. 
A, epithelium of endophallus; B, cuticular 
intima with spicules of endophallus; C, epi­
thelium of cuticular layer of aedeagus; D, 
membrane manica; E, cuticular layer of aedea­
gus; F, muscle, (40X obj.) 
Figure 42. Sagittal section of aedeagus. A, lumen of 
endophallus; B, cornutus; C, aedeagus. 
(lOX obj.) 
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Figure 43, Whole mount of both abnormal testes of 8-day-old larva. (lOX obj.) 
Figure 44. Whole mount of 9-day-old larval testis showing four testicular lobes, 
(lOX obj.) 
Figure 45, ïfhole mount of 9-day-old larval testis. A, small testicular lobe. 
(lOX obj.) 
Figure 46, Whole mount of 9-day-old larval ovaizy. A, ovariole; B, efferent duct, 
(lOX obj.) 
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Figure 47. Longitudinal section through two ovarioles from 9-day-old larval ovary. 
A, peritoneal sheath; B, fat-body tissue, (40X obj.) 
Figure 48. Gross-section of 14-day-old larva. A, testes; B, dorsal vessel; G, 
Malpighian tubules; D, somatic muscles. (lOX obj.) 
Figure 49. Whole mount of l5-day-old larval ovary. (lOX obj.) 
Figure 50. Gross-section of 15-day-old larva. A, elongating ovariole. (lOX obj.) 
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